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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 iv to ix to plan your revision, topic by topic. Make a note 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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Exam tips


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.


[image: ]







[image: ]


Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. The answers are online (see below).
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Definitions and key words


Clear, concise definitions of essential key terms are provided where they first appear.


Key words from the specification are highlighted in bold throughout the book.
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Where this symbol appears, the text to the right of it relates to higher tier material.
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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.


[image: ]







[image: ]


Summaries


The summaries provide a quick-check bullet list for each topic.
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Online


Go online to check your answers to the Now test yourself and Exam questions and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads
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Countdown to my exams
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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 iv to ix 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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2–6 weeks to go





•  Read through the relevant sections of this book and refer to the exam tips, summaries, 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 online.



•  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.hoddereducation.co.uk/myrevisionnotesdownloads




•  Use the revision activities to try out 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 exam tips, summaries 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.



•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examinations.
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1 Cells and movements across membranes



Microscopes and cells


Plant and animal cells


All cells in both plants and animals have certain features in common:





•  Cytoplasm, where most of the chemical reactions that make up life go on.



•  A cell membrane, which controls what enters and leaves the cell.



•  A nucleus, which contains DNA, the chemical that controls the cell’s activities.



•  Mitochondria (singular: mitochondrion), which are the structures that carry out aerobic respiration, supplying cells with energy.





Plant cells can be distinguished from animal cells, because they have some features that are not seen in animal cells. These are:





•  A cell wall, made of cellulose.



•  A large, permanent central vacuole filled with cell sap.



•  Chloroplasts, which absorb light for photosynthesis − chloroplasts are not found in all plant cells, but they are never found in animal cells.





Figure 1.1 shows the structure of an animal and plant cell, and the differences between them.
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Using a microscope


The parts of a microscope are shown in Figure 1.2.
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The functions of the parts of a light microscope are as follows:





•  The eyepiece lens, which has a fixed magnification.



•  The objective lenses are of different magnifying powers and are interchangeable, to adjust the magnification of the image that you see down the microscope.



•  The stage is where the microscope slide is placed.



•  Below the stage is a part that is usually made of up of two components − an iris diaphragm, which can be opened or closed to adjust the amount of light entering the objective lens, and (sometimes) a condenser, which concentrates the light into a beam directed precisely into the objective lens.



•  At the base of the microscope is a lamp, or possibly a mirror, which is used to shine light through the condenser and iris diaphragm.



•  The microscope is focused using two focus controls. The coarse focus control is used to get the image roughly into focus using the lowest-power objective, and then the fine focus control is used to fine tune the image and make it as clear as possible.



•  Microscope slides hold thin specimens or sections, which may be stained using a variety of dyes so that structures can be seen more clearly.





Specialised cells and body organisation


Newly formed cells undergo a process of differentiation into specialised cells, which have features which are modified to suit their function. Some examples are shown in Figure 1.3.
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The table below shows how cells are gradually built up into a whole living organism, through several ‘levels of organisation’.




Table 1.1 Levels of organisation in the structure of living things.






	Level of organisation

	Definition

	Examples






	Tissue

	A group of similar cells with similar functions

	Bone, muscle, blood, xylem, epidermis






	Organ

	A collection of two or more tissues that perform specific functions

	Kidney, brain, heart, leaf, flower






	Organ system

	A collection of several organs that work together

	Digestive system, nervous system, respiratory system, shoot system, root system






	Organism

	A whole animal or plant

	Cat, elephant, human, rose bush, oak tree
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Exam tip


In distinguishing plant and animal cells, the cell wall is the key feature, because some plant cells do not have chloroplasts and some animal cells have (temporary) vacuoles.
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Diffusion, osmosis and active transport



The cell membrane is selectively permeable, and will allow some substances to pass through but not others. The movement through the membrane is by one of three processes – diffusion, osmosis or active transport.


Diffusion


Diffusion is the spreading of particles from an area of higher concentration to an area of lower concentration, as a result of random movement. We say the particles move down a concentration gradient. Diffusion is a passive process (it does not require energy). The particles will move in all directions, yet the overall (net) movement is from an area of high concentration to an area of low concentration. The speed of diffusion is affected by two factors:





1  Temperature – increasing the temperature will speed up diffusion, because it makes the particles move faster.



2  The size of the concentration gradient. The bigger the concentration gradient, the faster diffusion will be.





Osmosis


Osmosis is a specific type of diffusion. It is the diffusion of water molecules through a selectively permeable membrane. The water moves from a solution of low solute concentration (which has more water) to a solution of high solute concentration (which has less water). As with diffusion, water molecules move in both directions, but the net movement is from the more dilute to the more concentrated solution. The process of osmosis is summarised in Figure 1.4.
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If an animal cell is put into a solution that is more dilute than its cytoplasm, water will go in by osmosis and the cell will burst. Plant cells do not burst in dilute solutions because their cell wall prevents it.


Very concentrated solutions damage both plant and animal cells. They will lose water, and animal cells shrivel. In plant cells the cytoplasm shrinks and pulls away from the cell wall, a process known as plasmolysis.
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Active transport


When cells need to move substances against a concentration gradient (from an area of lower concentration to an area of higher concentration), this will not happen by diffusion, and the cell has to use energy to ‘pump’ the particles in the direction they need to go. This type of transport requires energy, and is called active transport.
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Now test yourself





1  Which three structures are only found in plant cells, never in animal cells?



2  What is the function of mitochondria in cells?



3  Which lens in a microscope is changed in order to alter the magnification?
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4  State two differences between diffusion and active transport.
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5  Why do animal cells burst when put in water, but plant cells do not?





Answers online
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Enzymes


All the chemical reactions in the body are controlled by special molecules called enzymes. Which enzymes are produced in cells is controlled by another molecule, deoxyribonucleic acid (DNA), which is found in the cell nucleus.


Properties of enzymes





•  All enzymes are proteins.



•  Different enzymes are made up of different sequences of amino acids. The bonds formed between the amino acids means that each type of enzyme has a specific molecular shape.



•  Enzymes are catalysts – they speed up chemical reactions, without taking part in them.



•  Enzymes are specific; they will only catalyse one reaction or one type of reaction.



•  The rate of an enzyme-controlled reaction is affected by temperature, pH and the concentrations of the enzyme and the substrate (the chemical on which the enzyme works).



•  High temperatures and extreme pH can alter the enzyme’s structure so that it becomes denatured and can no longer work.





The lock and key theory


To catalyse a reaction, the enzyme molecule must collide with, and ‘lock together’ with its substrate. The place where the substrate fits into the enzyme is called the active site. The shapes of the enzyme’s active site and of the substrate must match, so that they fit together like a lock and key. That is why enzymes are specific – they can only work with substances that fit into their active site.


The action of this ‘lock and key’ model is shown in Figure 1.5 overleaf.





[image: ]




The effect of temperature on enzymes





•  Increasing temperature tends to speed up enzyme-controlled reactions, because it makes the particles move faster so they are more likely to collide.



•  High temperatures break chemical bonds and change the shape of the enzyme molecule so that the substrate can no longer fit into the active site. The enzyme is denatured and cannot work.



•  Denaturation often begins when temperatures go above 40 °C, although some enzymes can survive much higher temperatures.





The effect of temperature on enzymes is shown in Figure 1.6.
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Exam tip


Remember that enzymes do not take part in the reaction they catalyse. Never say that enzymes react with their substrate.
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The effect of pH on enzymes





•  Enzymes have an optimum pH, which varies from enzyme to enzyme.



•  The further away the pH value is from the optimum, the less well the enzyme works.



•  pH values that are a long way from the optimum can cause the enzyme to denature.





The effect of pH on enzymes is shown in Figure 1.7.
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Now test yourself




  6  To what group of chemicals do enzymes belong?


  7  What name is given to the chemical which an enzyme works on?


  8  What is it about their structure that causes enzymes to be specific?


  9  Why do high temperatures denature enzymes?



10  If you were investigating the effect of temperature on an enzyme, what other factors would need to be controlled?





Answers online
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Summary





•  Animal and plant cells have the following parts: cell membrane, cytoplasm, nucleus, mitochondria; in addition, plants cells have a cell wall, vacuole and sometimes chloroplasts.



•  Cells differentiate in multicellular organisms to become specialised cells, adapted for specific functions.



•  Tissues are groups of similar cells with a similar function; organs may comprise several tissues performing specific functions; organs are organised into organ systems, which work together in organisms.



•  Diffusion is the passive movement of substances, down a concentration gradient.



•  The cell membrane forms a selectively permeable barrier, allowing only certain substances to pass through.



•  Osmosis is the diffusion of water through a selectively permeable membrane from a region of high water (low solute) concentration to a region of low water (high solute) concentration.
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•  Active transport is an active process by which substances can enter cells against a concentration gradient.






[image: ]








•  Enzymes control the chemical reactions in cells; they are proteins made by living cells, which speed up – or catalyse − the rate of chemical reactions.



•  The specific shape of an enzyme enables it to function, the shape of the active site allowing it to bind to its appropriate substrate.



•  Enzyme activity requires molecular collisions between the substrate and the enzyme’s active site.



•  Increasing temperature increases the rate of enzyme activity, up to an optimum level, after which any further increase results in the enzyme being denatured. Boiling denatures most enzymes.



•  Enzyme activity varies with pH. For each enzyme, there is an optimum pH, which is different for different enzymes.
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Exam practice





1  Animals need to maintain a fairly constant level of salts in their bodies. Marine birds take in a lot of salt water when they feed on fish – too much for their kidneys to remove. They have special salt glands near their eyes which constantly remove salt from the blood and then discharge a strong salt solution out via the nostrils. The concentration of salt in the cells of the salt gland is always much higher than in the blood.







    a)  What process would the cells use to absorb the salt from the blood?


[1]


    b)  Suggest a reason for your answer to (a).


[1]


    c)  The cells of the salt glands contain many mitochondria. Suggest a reason for this.


[2]


    d)  Birds have a waterproof skin. If this were not the case, what would happen to their body cells when they swam in sea water which is more concentrated than their body cells?


[2]








2  Cylinders of equal length and diameter were cut from a potato, weighed and placed in different concentrations of salt solution for 30 minutes. They were then re-weighed. The table below shows the results.
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    a)  What process caused the potato cylinders to change in mass?


[1]


    b)  Calculate the percentage change in mass for the potato in 0.8 M salt solution.


[2]


    c)  Explain the difference between the results for 0–0.2 M salt solution and those for 0.4–1.0 M salt solution.


[5]


    d)  Approximately what concentration of salt solution is equal to the concentration of the potato cell sap?


[1]


    e)  Why was it necessary to record the percentage change in mass, and not just the change in mass?


[1]





Answers and quick quiz 1 online
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2 Respiration and the respiratory system in humans



Aerobic and anaerobic respiration


Aerobic respiration


Respiration is the process in every living cell by which food is broken down and the energy in it is released for use. The energy is temporarily stored and moved around the cell in the form of a chemical called
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adenosine triphosphate (ATP).


[image: ]





The usual food molecule respired is glucose (although it is possible to use others) and oxygen is used up in the process if respiration is aerobic, which it usually is. Carbon dioxide and water are produced as waste materials from the process. The word equation summarising aerobic respiration is:
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Aerobic respiration is actually a complex series of chemical reactions, each one controlled by a different enzyme.


Anaerobic respiration


When oxygen is in short supply or absent, some types of cell can respire anaerobically (without oxygen). During periods of intense activity, human muscles sometimes need more oxygen than the body can supply. The muscle cells use anaerobic respiration to partially breakdown glucose and release some of the energy from it. The equation for anaerobic respiration is:
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Anaerobic respiration is a much less efficient process than aerobic respiration, because the glucose is not fully broken down and so much less ATP is formed for each molecule of glucose used. For that reason, animal cells always respire aerobically when they can. Some microorganisms respire anaerobically all the time, however.
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Oxygen debt


During vigorous exercise, breathing cannot supply the muscles with all the oxygen they need, and so they switch to anaerobic respiration. Lactic acid builds up, which causes the muscles to ache.


Oxygen breaks down lactic acid and releases the remaining energy. So, when you finish the exercise, your body keeps breathing faster and deeper to provide extra oxygen to break down the lactic acid. In effect, you are breathing in the oxygen that you needed (but could not get) during the exercise. You have built up an oxygen debt, which is then repaid after the exercise is finished.



Respiration and breathing


Respiration is not the same thing as breathing.


Respiration goes on in all living cells, releasing energy from food. In general, oxygen is needed for this.


Breathing is the way some animals get the oxygen they need for respiration. Plants do not breathe, and in fact many animals do not either. Many small animals can absorb oxygen through the surface of their body.


The composition of the air we breathe in and out is shown in Table 2.1




Table 2.1 Approximate composition of inspired and expired air.






	Gas

	% inspired air


	% in expired air







	Oxygen

	  21


	16







	Carbon dioxide

	0.04


	  4







	Nitrogen

	  79


	79
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Now test yourself





1  Which food chemical is most often used for respiration?



2  Give three differences between aerobic and anaerobic respiration.



3  Which human cells are capable of anaerobic respiration?



4  Why would cells be unable to respire at very high temperatures?



5  After exercise, how does a person ‘pay back’ their oxygen debt?





Answers online
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The respiratory system and breathing 1


The need for a respiratory system


Very small animals exchange gases by diffusion across their body surface, but larger animals need a respiratory system. There are several reasons for this:





•  Larger animals have a smaller surface area: volume ratio. The surface area is insufficient to supply the volume with oxygen.



•  Diffusion is very slow. The innermost cells in a large animal would die due to a lack of oxygen before oxygen from the surface could reach them.



•  Larger animals are usually more active than very small ones, so more oxygen is needed for extra energy.






Structure of the respiratory system


The structure of the respiratory system is shown in Figure 2.1
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The parts of the respiratory system are as follows:





•  The trachea is the tube, also known as the windpipe, which leads from the mouth and nasal cavity towards the lungs. It is strengthened by rings of cartilage.



•  The trachea branches into two bronchi (singular: bronchus), each of which leads to one of the lungs. These also have rings of cartilage.



•  The bronchi branch into many bronchioles which spread throughout the lungs. The bronchioles to not have rings of cartilage.



•  At the end of each bronchiole are clusters of air sacs called alveoli (singular: alveolus). This is where oxygen enters the blood and carbon dioxide is removed.



•  The lung is the name given to the organ made up of the bronchioles, alveoli and the tissues surrounding them.



•  The ribs surround the lungs. They protect them and also help with breathing, due to the action of the intercostal muscles between them.



•  The diaphragm is a sheet of muscle below the lungs. It also helps with breathing.





The breathing mechanism


The mechanism for breathing in (inspiration) and out (expiration) is shown in Figure 2.2 and Table 2.2.
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It relies on the fact that air will always move from areas of higher pressure to areas of lower pressure.
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Table 2.2 Mechanism for inspiration and expiration.






	Inspiration

	Expiration






	The ribs move up and out

	The ribs move down and in






	The diaphragm flattens (moves downwards)

	The diaphragm bows upwards






	The volume of the thorax increases and the pressure decreases

	The volume of the thorax decreases and the pressure increases






	The lungs expand

	The lungs recoil back to their original shape






	The pressure in the lungs is lower than the outside air, so air is sucked in through the trachea

	The pressure in the lungs is higher than outside and so air moves out through the trachea
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The respiratory system and breathing 2


Adaptations of the respiratory system for efficient gas exchange


The alveoli are the gas exchange surface. They have the following adaptations for efficiency:





•  They have a very large surface area.



•  They are well supplied with blood vessels, to take the absorbed oxygen away.



•  The surface of the alveoli is only one cell thick, so the gases have a very small distance to diffuse.



•  The surface is moist, to dissolve the oxygen so that it can diffuse through the membrane.





Preventing lung infections


The lungs are protected against dust and microorganisms which enter with the air that is breathed in. The cells lining these tubes produce mucus, which is a sticky substance that traps dust and microbes from the air as it passes through. The cells lining the trachea and bronchi have small, hair-like structures on them called cilia. These constantly move back and forth, pushing the mucus up towards the top of the trachea, where it can be swallowed and eliminated from the body via the digestive system.
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Exam tip


When breathing out, the lungs do reduce in volume, but do not say they ‘contract’. Contract is a term that is linked with muscles, and the change in volume of the lungs is caused by elastic recoil, not muscles.


[image: ]






Smoking and the lungs



Smoking is known to damage the lungs in several ways. The chemicals in tobacco smoke that do the damage are as follows:





•  Carcinogens – chemicals that cause cancer (43 different substances).



•  Tar – a sticky substance which clogs the bronchioles and alveoli.



•  Nicotine – the main problem with nicotine is that it is extremely addictive, although it also directly damages the lungs.



•  Carbon monoxide – a poisonous gas which makes it more difficult for the red blood cells to carry oxygen.



•  There are several other harmful substances in low quantities, e.g. ammonia, formaldehyde, hydrogen cyanide and arsenic.





The effects of smoke on the lungs can be:





•  Lung cancer



•  Other cancers (e.g. of the mouth, oesophagus, bladder, kidney and pancreas)



•  Emphysema (damage to the walls of the alveoli)



•  Paralysis (and eventual destruction) of the cilia lining the respiratory system. This means that the mucus with its trapped microorganisms and dust sinks into the lungs, rather than being moved up the trachea to be swallowed.
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Now test yourself




  6  Why is it important that the walls of the alveoli are very thin?


  7  Which structures cause the ribs to move during breathing?


  8  When the lungs expand, why does air move into them from the outside?


  9  What role does mucus play in the protection of the lungs?



10  Which chemical in tobacco makes smoking addictive?





Answers online
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Summary





•  Aerobic respiration is a series of enzyme-controlled reactions that occur in cells when oxygen is available.



•  Aerobic respiration uses glucose and oxygen to release energy* and produces carbon dioxide and water.
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*(in the form of ATP)
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•  Anaerobic respiration occurs when oxygen is not available. In animals, glucose is broken down into lactic acid.



•  Anaerobic respiration in muscles builds up an oxygen debt, which is repaid after the exercise by breathing faster and deeper than normal.
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•  Anaerobic respiration produces less ATP (per molecule of glucose) than aerobic.
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•  Larger animals need a respiratory system because diffusion over the surface cannot supply the increased volume of the organism with oxygen, and diffusion is too slow to reach the centre of the organism.



•  The respiratory system consists of the following structures: nasal cavity, trachea, bronchi, bronchioles, alveoli, lungs, diaphragm, ribs and intercostal muscles.



•  Mucus lining the respiratory system traps dust and microbes. The cilia on the cells of the breathing tubes move the mucus to the top of the trachea, where it can be swallowed.



•  The cilia are paralysed by tobacco smoke, so that the mucus sinks into the lungs, carrying the dust and microbes with it.



•  Movements of the ribs and diaphragm cause breathing in (inspiration) and breathing out (expiration).



•  Movement of air takes place due to differences in pressure between the lungs and the outside of the body.



•  Gas exchange occurs at the alveoli, which have thin walls, a moist lining and a good blood supply.



•  Expired air contains more carbon dioxide and less oxygen than inspired air.



•  Smoking is a major contributory factor in lung cancer and emphysema.





[image: ]








[image: ]


Exam practice





1  100 m sprinters’ muscles respire anaerobically for all except the first few metres of a race. The muscles of a long-distance runner rarely respire anaerobically during a race.







    a)  Write a word equation for anaerobic respiration.


[1]


    b)  What causes a sprinter’s muscles to respire anaerobically?


[3]


    c)  Why would it be a problem for long-distance runners if their muscles respired anaerobically for a considerable time?


[2]


    d)  Why do sprinters breathe more rapidly and deeply for a short period after their race finishes?


[2]








2  The diagram shows an experiment to measure the rate of respiration of germinating peas, using a piece of apparatus called a respirometer. When the peas absorb oxygen, the volume of air in the respirometer decreases and this pulls the liquid along the capillary tube. The experimenter measures how far the liquid moves, at two minute intervals. The respirometer with the glass beads is a control experiment.
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    a)  Why is it necessary to have soda lime in the respirometer to absorb carbon dioxide?


[3]


    b)  What is the purpose of the glass beads in the control experiment?


[1]


    c)  The results are shown in the table. Calculate the average rate of movement of the liquid, in mm min–1.


[2]


    d)  A student suggested that the experiment could be improved by putting the respirometers in a water bath at 30 °C. Suggest a reason for this.


[2]






	Time (minutes)


	Distance moved (mm)







	  2


	  20.4







	  4


	  41.7







	  6


	  75.3







	  8


	  95.5







	10


	103.8











Answers and quick quiz 2 online
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3 Digestion and the digestive system in humans



The process of digestion


The need for digestion


The food we eat contains large and complex molecules which cannot get through the gut wall and into the blood. They need to be digested, to accomplish two things:





•  Large molecules must be broken down into smaller molecules that can get through the gut wall.



•  Insoluble molecules must be converted into soluble ones, so that they can be transported around the body in the blood.





The end point of digestion is small, soluble molecules. Some food molecules are already small and soluble (e.g. glucose, vitamins) and do not need digesting.


Digestion of different food molecules





•  Large carbohydrates are digested into simple sugars. In the case of starch, the simple sugar produced is glucose.



•  Fats are broken down into glycerol and fatty acids.



•  Proteins are broken down into amino acids.





Food tests


Different food groups can be identified in samples by a variety of chemical tests.


Starch


Add iodine solution. A colour change from brown to blue-black indicates the presence of starch.


Glucose


Add Benedict’s solution and heat in a boiling water bath. If glucose is present, the solution goes cloudy and changes from blue to green then orange and finally brick red.


Protein


Add Biuret solution (sometimes this is added as two separate parts – dilute sodium hydroxide solution followed by dilute copper sulfate solution). A colour change from pale blue to purple indicates the presence of protein.
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Exam tip


When describing the colour changes in a food test, always give the starting colour as well as the end colour, as there may be a mark for it.
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The digestive system



The digestive system (gut) is a tube that goes through the body, with some additional organs which are associated with it. As it goes through the gut the food goes through three processes:





•  Digestion – the breakdown of food, mainly in the mouth, stomach and small intestine.



•  Absorption – the transfer of the breakdown products into the blood, mainly in the small intestine (food) and the large intestine (water).



•  Egestion – the removal of any undigested food via the rectum and the anus.





Different parts of the system are specialised for different functions, as shown in Figure 3.1.
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Peristalsis


Food is moved through the digestive system by a process called peristalsis. This involves waves of muscle contractions in the gut wall (behind the food) which squeezes it along the gut. It is shown in Figure 3.2.




[image: ]




Digestive enzymes


The reactions that digest food are all catalysed by enzymes. These are of three main types:





•  Carbohydrases − these breakdown complex carbohydrates into simple sugars like glucose. They are produced in the mouth, the pancreas and the small intestine.



•  Proteases – these digest proteins into amino acids, and are found in the stomach and the small intestine.



•  Lipases – these convert fats into glycerol and fatty acids. They are produced by the pancreas and the small intestine.





The role of the different parts of the digestive system and the enzymes they contain are shown in Table 3.1.
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Bile


Bile is a liquid produced in the liver and stored in the gall bladder that helps digestion, even though it contains no enzymes. Bile travels down the bile duct to the small intestine, where it helps lipase enzymes to digest fats. Bile emulsifies the fats, splitting them into small droplets, and this provides a greater surface area for the lipase enzymes to work on (see Figure 3.3).
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The absorption of food, and diet


Absorption and egestion


Digested food is absorbed in the second half of the small intestine. To help this, the walls of the small intestine are covered in small, finger-like projections called villi, which greatly increase the surface area over which food can be absorbed. The structure of a villus is shown in Figure 3.4. By the time the gut contents reach the large intestine, all of the useful products have been absorbed into the blood. The large intestine reabsorbs most of the water from the waste, which therefore solidifies into faeces as it goes down the large intestine. The faeces are temporarily stored in the rectum before being egested via the anus.
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Now test yourself





1  What chemicals are produced by the complete digestion of fats?



2  Which parts of the digestive system contain protease enzymes?



3  What is the function of the large intestine?



4  Where is bile stored?



5  How does bile help the digestion of fats?





Answers online
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A balanced diet


Humans require a variety of nutrients, as each type has a different function in the body.





•  Glucose, formed by the breakdown of carbohydrates, is the main energy provider in the body. It is stored as glycogen in the liver.



•  Fatty acids and glycerol from fats also provide energy. Fats contain more energy per gram than glucose, but it can only be released slowly. For this reason, fats are useful as an energy store.



•  Amino acids from proteins are re-assembled in the body into new proteins, to form many useful products or to be used for making new cells in growth.





Apart from the chemicals that are formed by the digestion of food, there are other useful substances in the diet that can be absorbed directly because they are small molecules.





•  Minerals have a variety of functions – e.g. iron is needed to make haemoglobin, the blood pigment that carries oxygen around the body.



•  Vitamins also perform various jobs, and are often needed for important chemical reactions to take place. Vitamin C, for example, helps the immune system to function properly.



•  Water is important because it is the main constituent of cells, and all of the chemical reactions in the body involve chemicals that must be dissolved in water.





Finally, there are health benefits from having quite a lot of fibre in the diet. Fibre is indigestible but it provides bulk for the gut to act on during peristalsis, and so aids the efficient movement of food through the gut.
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Exam tip


The term ‘nutrients’ relates to things that provide nourishment for the body. Water and fibre do not come in that category so, if a question asks about nutrients, stick to carbohydrates, proteins, fats, minerals and vitamins.
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How diet affects health


Different foods contain different amounts of energy, but the main type of food the body uses for energy is glucose, a sugar that we get from eating any carbohydrate. Fats contain more energy than carbohydrates, but they are used more slowly and are generally used only when carbohydrate levels are low. Protein is not normally used for energy as the body cannot store it. If we eat more carbohydrate than we need at the time, the body stores it in the liver for future use as a substance called glycogen. If we keep eating more food than we need, this store becomes full. The body then changes the carbohydrate into fat, which is stored under the skin and around the internal organs.


In other words, we ‘get fat’. These fat stores also increase directly if excess fat is eaten. If we eat less and exercise more, these stores get used up. Anyone who is severely overweight has an increased risk of several serious conditions, e.g.





•  Heart disease



•  Stroke



•  Cancers



•  Type 2 diabetes





Sugar is the worst form of carbohydrate to eat as it is very easily digested and absorbed. The body cannot store protein so eating a lot of protein has little effect on health. Sugar is added to many processed foods for taste and also as a preservative.


Excess salt can also be a hazard, as it can lead to high blood pressure which increases the risk of heart disease and strokes. Salt is a common food additive.



Visking tubing as a model gut


Rather than using pieces of gut when doing experiments about digestion, scientists often use a type of soft plastic tubing called Visking tubing. It is a good, but not perfect, model of the lining of the gut. Its advantage is that it has similar permeability to the lining of the intestine and will let the same type of chemicals through. Its disadvantage is that it is non-living. Living cells are capable of pumping substances through their cells by active transport, using energy from respiration. This cannot happen with Visking tubing. The Visking tubing has small holes (pores) in it which let small molecules through. The gut lining does not have holes in it.
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Now test yourself




  6  Which type of food provides the most energy per gram?


  7  Why is it particularly important that babies have sufficient protein in their diet?


  8  What is the function of fibre in the diet?


  9  List three conditions where the risk of having the condition is greater in overweight people.



10  Explain why exercise reduces the risk of becoming overweight.





Answers online
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Summary





•  Complex, insoluble food molecules are broken down into small, soluble molecules that can enter the blood system. This breakdown, in the digestive system, is called digestion.



•  Digestion is aided by enzymes.



•  Visking tubing behaves similarly to the wall of the gut, and it can be used as a ‘model gut’.



•  Fats are digested into fatty acids and glycerol.



•  Proteins are digested into amino acids.



•  Starch is digested into glucose.



•  The test for starch uses brown iodine solution, which turns blue-black.



•  The test for glucose is the Benedict’s test. The test sample is boiled with Benedict’s solution (blue) and, if glucose is present, a reddish-orange precipitate is formed.



•  The test for protein is the Biuret test. Copper sulfate and sodium hydroxide are added to the test solution. If protein is present, a purple colour appears.



•  The digestive system consists of the mouth, oesophagus, stomach, small intestine, large intestine, anus, liver, gall bladder and pancreas.



•  The mouth contains carbohydrase, which digests starch.



•  The stomach contains protease, which digests proteins.



•  The small intestine contains various enzymes, which complete the digestion of carbohydrates, proteins and fats.



•  The liver produces bile, which is stored in, and released from, the gall bladder. Bile emulsifies fats, which aids their digestion.



•  Food is moved along the digestive system by peristalsis.



•  Glucose from carbohydrates, and fatty acids and glycerol from fats, provide energy for the body.



•  Amino acids from proteins form the building blocks for new proteins, which are needed for growth and repair of tissues and organs.



•  For optimum health, we need to eat a balanced diet, with appropriate levels of carbohydrates, fats, proteins, minerals, vitamins, water and fibre.



•  Carbohydrates, fats and proteins all contain energy.



•  Fats contain the most, with carbohydrates and proteins having less (and roughly equal) amounts.



•  Our bodies use carbohydrates and fats for energy.



•  If we take in too much fat or carbohydrate, the extra energy is stored as fat.



•  A diet that is too high in sugar or fat can lead to health problems.



•  Additives are added to our food. Salt is a common one, and eating too much salt can lead to high blood pressure and associated health problems.
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Exam practice





1  The diagram shows an experiment to investigate the digestion of starch by amylase (a carbohydrase enzyme) using Visking tubing as a model of the gut lining.
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After a few hours, the liquid in the tube (outside the Visking tubing) was tested for starch and glucose. The results are shown in the table below:








	Test

	Colour seen






	Iodine test

	Brown






	Benedict’s test

	Brick red












    a)  What do you conclude from the observations?


[2]


    b)  Describe how the Benedict’s test is carried out.


[2]


    c)  Explain the Benedict’s test result.


[3]


    d)  A student suggested that heating the apparatus would make the results detectable earlier. Suggest a possible problem that might occur if high temperatures were used.


[2]


    e)  Apart from raising the temperature, suggest one other way that results might be obtained more quickly.


[1]








2  The table below gives the energy requirement of human males at different ages:






	Age (years)


	Energy requirement per day (kcal/day)







	       5


	1482







	     10


	2032







	     15


	2820







	19–24


	2772







	45–54


	2581







	65–74


	2294













    a)  Suggest a reason why the energy requirement goes down after age 15?


[2]


    b)  The mean weight of males between 19–24 is 76 kg. Calculate their energy requirement per kg of body weight.


[2]


    c)  The mean energy requirement of 15-year-old girls is 2390 kcal/day. Suggest why this figure is lower than for boys.


[2]


    d)  When comparing the energy requirements of 5 year olds and adults, suggest a reason why it would be better to use kilocalories per kg of body weight per day, rather than just kcal/day.


[1]





Answers and quick quiz 3 online
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4 The circulatory system in humans



Blood and the circulatory system


The human circulatory system transports materials around the body. It is filled with a liquid (blood) which can carry all the essential materials. The blood is pumped around the system by the heart, through a series of blood vessels.


Substances transported by the blood





•  Digested food is transported from the digestive system to all parts of the body, in the blood plasma.



•  Oxygen is transported from the lungs to the body in the red blood cells.



•  Carbon dioxide, produced in respiration is transported to the lungs, where it is breathed out.



•  Wastes are transported to the kidneys for excretion.



•  Hormones (chemical messengers which regulate processes in the body) are transported in the plasma.





The blood is also important in fighting pathogens (microorganisms which cause disease) and in maintaining body temperature.


Blood


Blood is made up of the following parts:





•  Plasma. The liquid part of the blood which transports water soluble substances (e.g. digested food, carbon dioxide, urea, salts and hormones).



•  Red blood cells. These are responsible for the transport of oxygen, attached to the red pigment haemoglobin.



•  White blood cells. These cells are not involved in transport, but fight diseases as part of the immune system.



•  Platelets. These are cell fragments that help the blood to clot.
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Figure 4.1 shows the structure of red and white blood cells. The essential features of the two types of blood cell are listed.



Red blood cells






•  They are biconcave discs – round and flattened, with a central indentation. This shape increases the surface area for absorption of oxygen, compared with a rounded shape.



•  They contain the red blood pigment haemoglobin, which absorbs oxygen.



•  They have lost their nucleus, which allows more haemoglobin to be packed into their cytoplasm.




OEBPS/OEBPS/images/1-1.gif
Cell membrane — found in both animal and plant cells
(but sometimes difficult to see in plant cells because it

is pressed against the cell wall) Central vacuole - found
ONLY in plant cells

Cytoplasm —found in
both animal and plant
cells

Chloroplast — found
ONLY in some plant cells

Mitochondria — found in
both animal and plant cells

Nudleus — found in both Cellulose cell wall ~ found
animal and plant cells ONLY in plant cells
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