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Get the most from this book


Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it — personalise your notes and check your progress by ticking off each section as you revise.


Tick to track your progress


Use the revision planner on pages 4 and 5 to plan your revision, topic by topic. Tick each box when you have:




•  revised and understood a topic


•  tested yourself


•  practised the exam questions and gone online to check your answers and complete the quick quizzes





You can also keep track of your revision by ticking off each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.
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Features to help you succeed
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Examiner’s tips and summaries


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam. The summaries provide a quick-check bullet list for each topic.
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Typical mistakes


The author identifies the typical mistakes candidates make and explains how you can avoid them.
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Revision activities


These activities will help you to understand each topic in an interactive way.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are at the back of the book.
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Exam practice


Practice exam questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.
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Definitions and key words


Clear, concise definitions of essential key terms are provided on the page where they appear. Key words from the specification are highlighted in bold for you throughout the book.
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Online


Go online to check your answers to the exam questions and try out the extra quick quizzes at www.therevisionbutton.co.uk/myrevisionnotes
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Countdown to my exams


[image: ]






6–8 weeks to go




•  Start by looking at the specification — make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages 4 and 5 to familiarise yourself with the topics.


•  Organise your notes, making sure you have covered everything on the specification. The revision planner will help you to group your notes into topics.


•  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.


•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. These Revision Notes organise the basic facts into short, memorable sections to make revising easier.
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4–6 weeks to go




•  Read through the relevant sections of this book and refer to the examiner’s tips, examiner’s summaries, typical mistakes and key terms. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.


•  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers at the back of the book.


•  Make a note of any problem areas as you revise, and ask your teacher to go over these in class.


•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the exam practice questions provided in this book. Check your answers online and try out the extra quick quizzes at www.therevisionbutton.co.uk/myrevisionnotes



•  Use the revision activities to try different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.


•  Track your progress using the revision planner and give yourself a reward when you have achieved your target.
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One week to go




•  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.


•  Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.


•  Attend any revision classes put on by your teacher. Remember, he or she is an expert at preparing people for examinations.
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The day before the examination




•  Flick through these Revision Notes for useful reminders, for example the examiner’s tips, examiner’s summaries, typical mistakes and key terms.


•  Check the time and place of your examination.


•  Make sure you have everything you need — extra pens and pencils, tissues, a watch, bottled water, sweets.


•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examination.
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1 Communication
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Monitoring and responding to changes


[image: ]






Examiner’s tip


This examination paper includes synoptic marks. These test your:




•  understanding of the principles behind different processes


•  ability to make links back to other parts of the specification





The obvious links here are:




•  the structure of cell membranes and cell signalling from F211


•  the shapes of molecules and the effects of changing conditions on enzyme action from F212








[image: ]





The need for communication between cells


In multicellular organisms, the cells specialise to perform certain tasks more efficiently. These tasks include gaseous exchange, absorbing nutrients, removing wastes, etc. Any one individual cell from a multicellular organism may not be able to perform all the tasks required for survival — the cells rely on one another.


The organism must maintain a relatively narrow range of internal conditions in which enzymes can work and enable cell processes to continue. Therefore, receptor cells are required that detect changes in both the internal conditions and the external environment. If changes occur that will alter the ability of enzymes to function, these changes act as stimuli and the receptor cells must communicate with other cells in the organism to respond appropriately. This response may be to move away from harmful external conditions or to reverse an internal process that is bringing about the change. Such responses may require the coordination of several organs — for example, running away from a predator involves the nervous system, the skeleton and muscles, the lungs and the circulatory system as well as increases in respiration within the cells.
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Revision activity


Write a list of all the external conditions that may act as stimuli to bring about a response.
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Cell signalling


Cells communicate with each other by a process called cell signalling. The nervous system and the endocrine (hormonal) system are both examples of cell signalling. The nervous system is a dedicated communication system that spreads throughout the body, whereas the hormonal system uses the circulatory system to transport signalling molecules called hormones. Local communication can be achieved by hormone-like molecules that diffuse through the tissue fluid, such as cytokines and histamine in the immune response.
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Examiner’s tip


There are many examples of cell signalling in living things. You cannot be expected to know them all, but you must be prepared to read the information given in the question and use it to construct your answer.
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Feedback and homeostasis


Negative feedback


Systems in the body monitor certain parameters such as internal temperature. These parameters need to be kept at a set point that corresponds to the optimum conditions. If the internal temperature changes away from the set point, a mechanism is put in place to reverse the change. This ensures that the internal temperature does not change too much and remains fairly constant. This is negative feedback.
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Figure 1.1 The principle of negative feedback


Positive feedback


If a parameter such as temperature changes, it may bring about further increases in that change. For example, as bacteria respire they produce heat and the increased temperature makes the bacteria more active so they respire more and release even more heat. Positive feedback is usually harmful, but there are one or two examples where it can be beneficial. In nervous conduction a small change in membrane potential opens ion channels that allow the movement of ions through the membrane, which further increases the change in membrane potential to produce an action potential.


Homeostasis


Homeostasis is the maintenance of a constant internal environment. The list of parameters that are monitored and maintained includes temperature, water potential of blood, pH, blood glucose concentration, blood pressure, and blood concentration of ions such as Na+, K+ and Ca2+. Homeostasis relies on monitoring the levels of these parameters using receptors. A negative feedback mechanism then controls the action of effectors which can reverse any internal change that may occur and return the parameter to its set point.
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Now test yourself





1 Explain why positive feedback can only be used for a short period of time in living systems.



2 For each internal parameter that is monitored, write a note explaining why it is must be kept constant. This explanation should include a detailed statement about what will happen if the parameter gets too low or too high.





Answer on p. 122
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Maintaining body temperature


Ectotherms are organisms that rely on their surroundings to gain body heat. Their body temperature is always dependent on the surrounding environmental temperature. However, many ectotherms are able to regulate their body temperature to some extent, usually by behavioural adaptations:




•  Lizards may bask in the sun and even flatten their rib cage to gain a larger surface area in order to warm up. They hide in the shade or burrow when too hot.


•  Locusts orientate themselves side-on to the sun in order to warm up when they are cold, but climb a plant stem to get away from warm ground when they are too hot.


•  Many insects flap their wings to generate some heat in their wing muscles before flying.
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Revision activity


Draw a sketch outline of a reptile and add arrows to indicate each source of heat gain and loss. Annotate the arrows to explain how the heat is gained or lost.
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Endotherms are organisms that use internal mechanisms to regulate their body temperature. This is known as thermoregulation. Receptors detect changes in the temperature of the environment (peripheral temperature receptors in the skin) and in the internal core temperature (the core temperature receptor in the hypothalamus in the brain). Both sets of information are received in the thermoregulatory centre in the hypothalamus, which then sends out instructions to make adjustments to reverse any change in core body temperature. The effectors that bring about these changes include the circulatory system, the skin, the liver and the muscles (Table 1.1).


Table 1.1 Effectors for adjusting body temperature






	Effector

	Response if too hot

	Response if too cold






	Sweat glands

	More sweat is produced — evaporation cools the skin

	Less sweat is produced






	Erector pili muscles in skin (attached to hairs)

	Muscles relax, causing the hairs to lie flat and allowing the air to circulate over the skin

	Muscles contract, raising the hairs and trapping an insulating layer of air next to the skin






	Blood vessels in skin

	Vasodilation — blood flows close to skin surface to lose heat by radiation and convection

	Vasoconstriction — blood is diverted to flow further from the surface, so radiation and convection are reduced






	Muscles

	Muscles relax

	Muscles contract and relax repeatedly, generating heat by friction and from metabolic reactions — this is shivering






	Liver

	Reduces metabolic rate

	Increases metabolic rate to release heat
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Typical mistakes


Many candidates refer to ectotherms as ‘cold-blooded’ — this is not the case as some can keep their body temperature well above 30°C.


Candidates often refer to blood vessels in the skin moving closer to the surface or deeper down. The blood vessels themselves do not move — they simply dilate or constrict to divert the blood flow.
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Revision activity


Draw a sketch outline of a mammal and add arrows to indicate each source of heat gain and loss. Annotate the arrows to explain how the heat is gained or lost.
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Now test yourself





3 Explain why the skin is the main organ of thermoregulation.





Answer on p. 122
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Exam practice





1 (a) Explain the term cell signalling.





[2]




   (b) Name two systems in the mammalian body that use cell signalling.





[2]




   (c) Define the term homeostasis.





[2]




   (d) Explain why negative feedback is essential in a homeostatic mechanism.





[4]





2 (a) In the early morning, bees can be seen buzzing their wings but not flying. Explain the reasons behind this behaviour.





[3]




   (b) Explain how blood can be diverted to and from the skin to help thermoregulation in a mammal. In your answer you should use appropriate technical terms, spelt correctly.





[5]




   (c) The graph below shows the rate of flow of heat through the skin of a person during exercise.
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       (i) Describe the changes shown in the graph.





[3]




       (ii) Explain the changes shown in the graph.





[4]


Answers and quick quiz 1 online
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Examiner’s summary


By the end of this chapter you should be able to:





[image: ] Outline the need for communication systems within multicellular organisms.



[image: ] State that cells need to communicate with each other by a process called cell signalling.



[image: ] State that neuronal and endocrine systems are examples of cell signalling.



[image: ] Define the terms negative feedback, positive feedback and homeostasis.



[image: ] Explain the principles of homeostasis.



[image: ] Describe the responses that maintain core body temperature in ectotherms and endotherms.
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2 Nerves
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Converting energy from a stimulus
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Examiner’s tip


This examination paper includes synoptic marks. These test your:




•  understanding of the principles behind different processes


•  ability to make links back to other parts of the specification





The obvious links here are:




•  the structure of cell membranes and how substances move across membranes from F211
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Sensory receptors


Sensory receptors are essential in monitoring conditions in the environment or within the body. They detect changes in the conditions and only respond when the conditions change. Such a change in conditions is called a stimulus. Receptors are transducers, which means they convert the energy from a stimulus into electrical energy in the form of an action potential.
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Revision activity


Write a list of the different sensory receptors and the type of energy that they respond to.
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There are a wide range of sensory receptors. Each type of receptor can detect a specific energy change. For example, the temperature receptors detect changes in temperature and the Pacinian corpuscles detect changing pressure on the skin caused by movement.


Sensory and motor neurones


Neurones are nerve cells. The two most important types of nerve cell are sensory neurones and motor neurones (Table 2.1).


Table 2.1 Sensory and motor neurones
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Revision activity


Sketch diagrams of a sensory and a motor neurone and annotate the diagrams to show how these cells are adapted to their function.
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Now test yourself





1 Explain why a motor neurone has a long axon whereas a sensory neurone has a short axon.





Answer on p. 122
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Resting potential


When a neurone is at rest, it maintains a potential difference in charge across the cell membrane — the membrane is polarised. This is called the resting potential. The inside of the cell is maintained at −60 to −70 mV compared to outside the cell. The neuronal membrane contains sodium–potassium ion pumps, which maintain the potential difference. Using ATP, they pump three sodium ions out of the cell for every two potassium ions into the cell. Therefore, while at rest the cell contains many potassium ions and few sodium ions.



Action potential



When a neurone is stimulated, it becomes depolarised (it loses its normal polarisation). The neuronal membrane contains special gated channels that open as a result of a change in the potential difference — they are voltage-gated sodium ion channels. These allow sodium ions to flow by facilitated diffusion into the cell.


As a result, the inside of the cell becomes less negative compared to the outside. If enough sodium ions flow into the cell, the potential across the membrane reaches the threshold potential, which opens more sodium channels — this is positive feedback. More sodium ions flow into the neurone and the potential inside the cell rises to about +40 mV compared to outside. This is known as an action potential.


After the sodium ions have entered the cell, voltage-gated potassium ion channels open to allow potassium ions out of the cell. This reduces the potential difference across the membrane again, returning it to the −60 mV resting potential. This is called repolarisation. The membrane potential then briefly falls below the normal resting potential, which is called hyperpolarisation.
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Figure 2.1 The change in (a) potential difference and (b) the conductance of sodium and potassium ions during the passage of an action potential
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Now test yourself





2 Explain why the first part of an action potential is called depolarisation and the second part is repolarisation.





Answer on p. 122
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Typical mistake


Many candidates seem unsure how the ions move across the membrane during an action potential. The resting potential maintains a concentration gradient across the membrane, so sodium ions diffuse across the membrane into the cell and potassium ions diffuse out. After the action potential, these ions are pumped by active transport back to their original positions.
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Examiner’s tip


The creation of action potentials and their transmission along the neurone is a complex process. Break it down into small steps and remember the sequence of events.
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In the transmission of an action potential, as sodium ions enter the neurone they diffuse along inside the neurone. This produces a local current inside the neurone, which alters the potential difference across the membrane and causes sodium ion channels further along the neurone to open. This allows sodium ions to enter further along the neurone and the action potential moves along the neurone (Figure 2.2).



[image: ]



Figure 2.2 Current flow in a neurone in front of and behind the region with an action potential


After the potassium ions diffuse into the neurone, it looks as if the membrane is back to its resting potential. However, because the ions are effectively in the wrong places, the sodium–potassium ion pumps have to re-establish the correct positioning of the ions. Until this happens the axon enters a refractory period in which a new impulse cannot be generated.
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Revision activity


Draw a series of diagrams to show the membrane at various stages of the action potential (resting potential, depolarisation and repolarisation). Your diagrams should show the activity of the sodium ion channels, the potassium ion channels and the sodium–potassium ion pumps.
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Myelinated and non-myelinated neurones


Many neurones are myelinated neurones. This means that each individual neurone is surrounded by a fatty myelin sheath created by individual Schwann cells wrapped around the neurone. Between the Schwann cells are gaps called nodes of Ranvier, which occur at 1 mm intervals along the neurone. Ions cannot move across the membrane where the myelin sheath is in place — ion movements occur only at the nodes. In these neurones the local currents are stretched to carry the depolarisation from one node to the next. This speeds up transmission of the impulse as the action potential jumps between nodes. This is called salutatory conduction.


Non-myelinated neurones are still surrounded by Schwann cells. However, one Schwann cell surrounds several neurones and there are no nodes of Ranvier. In non-myelinated neurones, the action potential does not jump along the neurone.
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Now test yourself





3 Explain how the action potential gets from one node of Ranvier to the next.





Answer on p. 122
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Figure 2.3 A section of a nerve as seen using a light microscope


Nervous communication


All neurones transmit action potentials in the same way. All action potentials are identical — this is known as the all-or-nothing rule. Therefore, there is no difference in the signals received by the brain from different stimuli. So how does the brain analyse the incoming information and interpret the stimulus so that we understand what the stimulus is and how intense it is? The neurones are connected into particular pathways. Neurones from one particular type of sensory receptor run to the same area of the brain. Therefore, when this part of the brain is stimulated, it is interpreted as that particular stimulus. The intensity of the stimulus affects the frequency at which the neurones fire — a higher intensity creates more frequent impulses in the neurones.


Transmission at synapses


The structure of a synapse


A synapse is a junction between two neurones. Neurones do not actually touch one another — there is a small gap between them called a synaptic cleft. Therefore, an action potential cannot pass directly from one neurone to another. The gap is bridged by the release of a chemical messenger called a neurotransmitter. Neurones communicate by cell signalling.


Neurones are well adapted to cell signalling:




•  The first neurone ends in a bulge called the pre-synaptic knob or pre-synaptic bulb. This provides space to store the neurotransmitter in vesicles. It also provides a large surface area for the release of neurotransmitters such as acetylcholine.


•  The second neurone contains many specialised proteins in its membrane. These proteins perform important roles:







   –  They act as acetylcholine receptor sites (these sites have a shape that is complementary to the shape of the acetylcholine molecule).


   –  They form sodium ion channels that open in response to acetylcholine molecules.





Transmission across a synapse


Transmission across a cholinergic synapse involves the release of acetylcholine into the synaptic cleft and the detection of that acetylcholine on the post-synaptic membrane (cell signalling). An action potential travelling along the pre-synaptic neurone reaches the pre-synaptic knob. Here it causes calcium ion channels to open. Calcium ions diffuse into the knob and cause the vesicles of acetylcholine to move towards and fuse with the pre-synaptic membrane. This releases the acetylcholine molecules into the cleft (exocytosis). The acetylcholine molecules diffuse across the cleft and bind to the acetylcholine receptor sites on the post-synaptic membrane. This opens the sodium ion channels in the post-synaptic membrane and sodium ions in the cleft diffuse into the post-synaptic neurone, causing depolarisation of the membrane. The enzyme acetylcholinesterase breaks down the acetylcholine, which ensures that the sodium ion channels close again. The choline is then recycled back into the pre-synaptic knob to make more acetylcholine.
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Figure 2.4 The events that occur during the transmission of an impulse across a cholinergic synapse
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Examiner’s tip


The specification states ‘Outline the role of neurotransmitters…’, which means that little detail is required.
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Typical mistake


Many candidates write a description that makes it sound as if the vesicles are released and diffuse across the cleft. However, the vesicles fuse to the membrane and release the acetylcholine molecules.
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Revision activity


Draw a diagram of a synapse and annotate it to show how transmission occurs across the synapse.
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The role of synapses


Synapses join neurones together, allowing transmission of a signal from one neurone to another (cell signalling). Action potentials travelling in the wrong direction can be stopped as there are no vesicles of acetylcholine in the post-synaptic neurone. Impulses from low-intensity stimuli can be filtered out so that there is no unnecessary response. This is achieved because many vesicles must be released to cause a post-synaptic action potential. Continuous unimportant stimuli can be ignored as the vesicles of acetylcholine run out after a while. This is called fatigue and prevents continuous responses to continuous unimportant stimuli. This allows a form of behaviour called acclimatisation.
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Examiner’s tip


This is another ‘outline’ statement in the specification, so little detail is needed.





[image: ]





Action potentials in one neurone can be used to stimulate several post-synaptic neurones so that multiple responses can be achieved from one stimulus. Nerve impulses from more than one stimulus can be combined to create the same response — this can be used to magnify or amplify the response to a low-intensity stimulus. This is called summation. Inhibitory synapses can prevent the formation of an action potential in the post-synaptic neurone. Synapses also allow the formation of specialised nervous pathways, which are the basis of memory.
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Exam practice





1 (a) (i) Identify the molecules that prevent the movement of charged particles across a membrane.





[1]




       (ii) Describe how the membrane of a motor neurone is specialised to allow the movement of charged particles.





[3]




   (b) Small ions such as sodium and potassium leak across membranes. Explain how a neurone maintains the resting potential across its cell surface membrane despite this leakage.





[3]




   (c) Look at Figure 2.1 on p. 13. Use the information in the diagram to describe how an action potential is created. In your answer you should use appropriate technical terms, spelt correctly.





[5]





2 (a) (i) The pre-synaptic knob contains many organelles. Suggest three organelles that may be found in unusually high numbers.





[3]




       (ii) State the function of each of these organelles.





[3]




   (b) (i) Name the neurotransmitter used in cholinergic synapses.





[1]




       (ii) Describe the mechanism by which this neurotransmitter is released.
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