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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.


Track your progress


Use the revision planner on pages iv to vii 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 noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.




[image: ]




Features to help you succeed




[image: ]


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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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.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are online.
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Summaries


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


Go online to check your answers to the Exam practice questions and Now test yourself questions, and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads
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Revision activities


These activities will help you to understand each topic in an interactive way.
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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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Where this symbol appears, the text to the right of it relates to higher tier material.
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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 vii 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 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




•  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 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 examination.
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1 Cell biology



Cell structure


Eukaryotes and prokaryotes


Eukaryotes


Eukaryotic organisms, or eukaryotes, have cells with a nucleus. Animal and plant cells are eukaryotic. You are a eukaryote, so almost all your cells have a nucleus containing your DNA in their middle.


Prokaryotes (bacteria)


Prokaryotic organisms, or prokaryotes, have cells without a nucleus. Bacterial cells are prokaryotic, so bacteria are prokaryotes. All bacteria are single celled and are usually smaller than eukaryotic cells. Bacterial cells do not have a nucleus. Their chromosomal DNA is found within their cytoplasm. Prokaryotic bacterial cells also contain small rings of DNA called plasmids.
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The components of prokaryotic cells and their functions are shown in Table 1.1.
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Revision activity


Draw out this table with only the headings along the top and the first column on the left. Try to fill in the rest of the table from memory to help you to revise.
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Table 1.1 The components of bacterial cells and their functions.






	Component

	Structure and function






	Cytoplasm

	This fluid is part of the cell inside the cell membrane. It is mainly water and it holds other components such as ribosomes. Here most of the chemical reactions in the cell happen (such as the making of proteins in ribosomes).






	Cell wall

	Like those of plants and fungi, bacterial cells have a cell wall to provide support. However, unlike plant cell walls this is not made of cellulose. The cell membrane is found on the inside surface of the cell wall.






	Single DNA loop (DNA not in chromosomes)

	DNA in prokaryotes is not arranged in complex chromosomes as in eukaryotic cells. It is not held within a nucleus.






	Plasmids

	These are small, circular sections of DNA. They provide genetic variation for bacteria.






	Cell membrane

	This controls what substances go in and out of a cell. It also has internal extensions that have enzymes attached to them. Respiration occurs in these enzymes.






	Ribosome

	Proteins are made by ribosomes, which are present in the cytoplasm.








Animal and plant cells


Generalised (typical) animal cells


A generalised animal cell is seen in Figure 1.2.
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Generalised animal cells have components in common with bacterial cells described on the previous page. Both possess a cytoplasm in which most chemical reactions occur, and a cell membrane that controls what enters and exits the cell. The functions of their additional components are found in Table 1.2.
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Revision activity


Draw out Table 1.2 with only the headings along the top and the first column on the left. Try to fill in the rest of the table from memory to help you to revise.
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Exam tip


You should be able to explain how the structures in Table 1.2 are related to their functions.
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Generalised (typical) plant cells


A generalised plant cell is seen in Figure 1.3.
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Typical mistake


The nucleus of a cell is much larger than that of an atom (in chemistry). The nucleus of a cell is made up of thousands of atoms each with their own nucleus.
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Generalised plant cells have all the components previously described for animal cells. Both possess a nucleus, cytoplasm, membrane, mitochondria and ribosomes. Additionally, many plant cells possess a vacuole, which is a store of sugary cell sap, chloroplasts where photosynthesis occurs and a cell wall to provide structure.
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Cell specialisation


You learned about generalised animal and plant cells on the previous page. But complex multicellular organisms like you, and other animals and plants, are not made up of just one type of cell. There are around 200 different types of cell in your body. Each cell type has become specialised to complete a specific function. Cells can develop specific components during this process.


Your cells, and those of many animals, became specialised, or differentiated, before you were born. Unlike animal cells, many plant cells retain their ability to differentiate throughout their entire life.


Sperm cell


Sperm cells possess a tail to propel them towards the ovum (egg). For their very small size, they have many mitochondria to release energy during respiration. Their nucleus contains the DNA from the father, which will make up half of the DNA of the new organism.
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Typical mistake


It is important that you can explain why a specialised cell is adapted, not just state its adaptation.
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Exam tip


You should be able to explain the importance of cell differentiation.
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Nerve cell


Nerve cells (neurones) pass electrical signals around your body to control and coordinate your actions. They possess a long axon, along which the electrical signals quickly pass. This is insulated by the myelin sheath. Nerve cells possess branching nerve endings that can communicate with surrounding cells.
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Muscle cells


Muscle cells contract and relax to move parts of our bodies. This movement can be automatic or involuntary like your heartbeat, or voluntary like moving your fingers to type an email. They possess large numbers of mitochondria to release the energy from glucose in respiration.


Root hair cell


Root hair cells possess a long extension into the soil. This extension massively increases the surface area of the cell, meaning that it can absorb more water and minerals from the soil.
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Xylem cell


Xylem cells form long tubes that run from the roots to the leaves of plants. They carry water to the leaves for photosynthesis. This process is called transpiration. Xylem cells are dead and have eroded-away ends to allow the water to move more easily.


Phloem cell


Phloem cells carry dissolved glucose made during photosynthesis from the leaves to all other parts of the plant. This process is called translocation. Phloem cells are alive. They have specialised endings to their cells called sieve plates, which allow water to flow more easily through them. They have companion cells that support the metabolism of phloem cells.
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Exam tip


You should be able to explain how the structure of specialised cells relates to their function.
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Revision activity


You could make flash cards with a diagram of the specialised cell on one side and its adaptation on the other.
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Microscopy


Light microscopes


Microscopes allow you to see structures too small to view with your eyes alone. Light microscopes were the first type to be developed, perhaps by Dutch eye glass makers in the 1590s. The design of light microscopes has developed since then but the basic principle of using glass lenses to magnify images is the same. A typical light microscope is shown in Figure 1.9 and the functions of its components are given in Table 1.3.
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Table 1.3 The functions of the parts of a light microscope.






	Part

	Function






	Eyepiece lens

	You look through this lens to see your sample. This is often ×10.






	Objective lens

	Usually there are three to choose from (often ×5, ×10 and ×25). The smallest will be the easiest to focus, so select this first. When you have focused this lens try a different one with a greater magnification.






	Stage

	This holds the sample securely, often using two metal clips.






	Specimen

	This is usually placed in a drop of water or stain on a microscope slide under a very thin glass cover slip.






	Mirror

	This reflects the light up through the sample, and then the objective and eyepiece lenses into your eyes. In more expensive/advanced microscopes the mirror is replaced by a light source.






	Course focus

	This quickly and easily moves the stage up and down to focus on the sample.






	Fine focus

	This sensitively and slowly moves the stage up and down to allow you to make your image very sharp.
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Revision activity


Draw out this table with only the headings along the top and the first column on the left. Try to fill in the rest of the table from memory to help you to revise.
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The total magnification of a light microscope is calculated by this formula:
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Exam tip


You should be able to show that you can estimate the scale and size of cells.
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Required practical 1


Light microscopy


Aim: To use a light microscope to observe, draw and label a selection of plant and animal cells.


Equipment: Light microscope, slides with samples, drawing equipment.


Method:





1  Place your slide onto the stage of the microscope.



2  Observe using the lowest power objective lens.



3  Use the course and then fine focus dials to focus the image.



4  Change to the next highest objective lens and refocus using the fine focus.



5  Repeat with higher objective lenses if appropriate.



6  Draw scientific images of your observations.



7  Record the magnification that you used on your images.
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Electron microscopes


Light microscopes have a maximum magnification of around 1000 times. This means they can be used to see cellular components like mitochondria and ribosomes.


However, in the 1930s German scientists developed the electron microscope. This microscope uses beams of electrons in place of light to magnify an image. The wavelength of the electrons can be a 100 000 times smaller than light. This fact allows electron microscopes to take images at higher magnifications. This first electron microscope was an example of a transmission electron microscope, which takes two-dimensional high magnification images.


The design of electron microscopes developed during the 1930s. A second type of microscope called a scanning electron microscope was also developed by German scientists. This takes three-dimensional high magnification images.
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Exam tip


You should be able to explain how microscopes have developed and how electron microscopes have helped us understand the sub-cellular structure of cells.
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Magnification calculations


The magnification of an image can be calculated by the following formula:
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Exam tip


You should be able to express your answers in standard form, if appropriate.
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Now test yourself





1  Define the term DNA.



2  Explain the difference between prokaryotes and eukaryotes.



3  What are plasmids?



4  State the cell components present in plant cells that are not found in animal cells.



5  What process happens in mitochondria?



6  What is the name given to the part of a neurone along which electrical impulses travel?



7  Why do plant roots have root hair cells?



8  Which plant vessels are involved in transpiration?



9  How do we calculate the magnification of a light microscope?





Answers online
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Cell division


Chromosomes


Almost all your cells contain a nucleus with one copy of your DNA in. This is your genome. Unless you are an identical twin, your genome is unique. It is highly unlikely that anyone has or will ever be born with the same genome as you. Your genome is made up of sections called genes that contain the DNA code to make proteins. Other sections do not make proteins. Currently we are not sure of the purpose of these non-coding regions so we call them ‘junk’ DNA.


Your genome is made from about 2 metres of DNA. This is too much to be simply arranged loosely in the cytoplasm like prokaryotic bacterial cells (see page 1). It is arranged into 23 pairs of smaller sections called chromosomes. There are 46 in total, but we often say 23 pairs instead. This convention reminds us that chromosomes come in pairs; 23 from our mum in her ovum and 23 from our dad in his sperm. Cells with an entire copy of a genome in them are called diploid.


Chromosomes are long thin structures, made from coiled up DNA. They taper in the middle.


Sperm and ova are called sex cells, or gametes, and have half the DNA of normal body cells. They are called haploid. Two haploid gametes join during fertilisation to make a diploid body cell. You inherit two copies of almost all genes; one from each parent. These copies are called alleles.


Humans have 23 pairs of chromosomes, whilst many other animals and plants have different numbers. Lettuces have nine pairs and mosquitos have only have one pair; or one chromosome from each parent.


Mitosis and the cell cycle


Your diploid body cells are continually dying and need replacing. It is unlikely that you have any of the blood cells still alive in your body from a year ago. They have all been replaced at least once since then. Mitosis and the cell cycle explains how this process occurs.


Without mitosis, your body would not have grown from the one diploid cell formed when your father’s sperm fertilised your mother’s ovum. Additionally, any cuts, burns or other damage to your body would not have healed. Mitosis is essential for growth, development and repair of multicellular organisms.


Mitosis exchanges damaged or old cells with identical replacements. Mistakes in this process could lead to cancer.


During the cell cycle, all chromosomes are copied. This doubles the number of chromosomes from 23 pairs to 46 pairs, or 92 in total. Then the number of cellular components like ribosomes and mitochondria doubles. The cell finally splits into two identical ‘daughter’ cells, each with an entire copy of the organism’s genome.


Steps in mitosis
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Exam tip


You should be able to describe the cell cycle but not the individual stages of mitosis. You should be able to recognise situations in which mitosis is occurring.


[image: ]





Stem cells


Stem cells possess the ability to develop into other types of cell.


Stem cells in mammals


There are two types of stem cell found in you, and other mammals. During fertilisation, your mother’s ovum and father’s sperm fused. This formed one diploid embryonic stem cell. This divided by mitosis until you were formed. For the first 9 weeks of your life your cells were not specialised. They had not differentiated. They remained embryonic stem cells. These can develop into any of the 200 cell types you possess. These are called totipotent cells.


Adult stem cells are the second type of stem cell found in your body. Confusingly, you started to develop adult stem cells much earlier than you became or will become an adult. Adult stem cells are found in specific locations such as the bone marrow and the nose. Here they can only develop into one or two cell types. Adult stem cells in your bone marrow can develop into blood cells, whilst those in your nose can develop into nerve cells. These are called multipotent cells.


Other animals like lizards can shed their tails, if caught by them, to avoid being killed by a predator. They are then able to regrow their tail from their stem cells. If one leg of a starfish is severed, it will grow four new ones, and the original starfish will grow one one new leg.


Stem cells and differentiation in plants


Plant stem cells are found in specific locations called meristems. These regions are in the tips of shoots and roots. Much of a plant’s growth occurs in these regions. Unlike your adult stem cells, plant stem cells retain the ability to differentiate throughout their life. This fact means we can take a cutting of a small plant stem and place it in soil. Here stem cells will start to develop into roots and a cloned copy will have been formed.
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Exam tip


You should be able to describe the function of stem cells in embryos, adult animals and plant meristems.
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Stem cell research


Stem cell research uses stem cells to develop future medical treatments that could treat paralysed patients by making new nerve cells to transplant into a damaged spinal cord, or replace injured or non-working organs such as the pancreases of diabetes patients. Totipotent embryonic stem cells are more useful in research.


Using a person’s own stem cells in medical treatments means their bodies are far less likely to reject them like a transplant from another person. The process of making an embryo with the same genes as the parent for this reason is called therapeutic cloning. However, there is a small possibility of transferring virus infections in this process.


Stem cells research is an ethical issue. This means some people disagree with it for religious or moral reasons. Many people donate unused fertilised ova from in-vitro fertilisation for stem cell research. Controversy surrounds the use of these cells. Are they alive or a life? Because of these issues, tight regulations surround all scientific studies.
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Now test yourself





10  Define the term genome.



11  What are chromosomes?



12  State the only two haploid body cells.



13  What are the products of mitosis?



14  What could mistakes in the process of mitosis lead to?



15  What is different about adult and embryonic stem cells?



16  Define the term totipotent.



17  What name is given to an area of a plant in which rapid cell division occurs?



18  In what regions of plant are its meristems?



19  What is the difference between stem cells in plants and animals?





Answers online
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Transport in cells


Diffusion


Diffusion is the spreading out of particles resulting in their net movement from an area of high to lower concentration. This happens naturally and does not require energy, so we call it a passive process. Because diffusion always happens from high to lower concentrations, we say it occurs down a concentration gradient.


Particles of gases and liquids can diffuse. Those of solids have fixed positions and so cannot.


Examples of diffusion


Diffusion occurs in many places in your body. You breathe oxygen into the alveoli in your lungs. Here oxygen diffuses from a high concentration in your alveoli to a lower concentration in your red blood cells. When these cells absorb oxygen, they turn from a low to high concentration. They then move through your blood vessels to your body’s cells. Because these cells have been respiring they have been using oxygen. This means they have a low concentration of oxygen. So, oxygen moves by diffusion from the high concentration in your red blood cells to the lower concentration in your body’s cells.
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This process is repeated in reverse with carbon dioxide. Carbon dioxide is produced during respiration by your body’s cells. It dissolves straight into your blood plasma, and is not absorbed by red blood cells, as with oxygen.


Sugars such as glucose are produced by your digestive system when carbohydrates are broken down. These therefore exist at high concentration in your small intestine. So, glucose moves by diffusion from your small intestine through villi to the lower glucose concentration in your blood. When your blood absorbs glucose, it turns from a low to high concentration. Blood moves round your body to your body’s cells. Because these cells have been respiring they have been using glucose. This means that the glucose now moves by diffusion from the higher concentration in your blood to the lower one in your cells.


Some of your cells make urea as a waste product. This diffuses from a higher concentration in the cells to a lower one in the blood. Urea is transported to the kidney where it is excreted.
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Diffusion in other organisms


Your lungs are extremely effective at absorbing oxygen. But not all animals have lungs. Insects have small tubes that run into their bodies, into which gases diffuse. This system is much less sophisticated than your lungs, and so insects cannot complete as much gas exchange as humans. They do not possess efficient exchange surfaces like your lungs or the gills of fish. This means insects are always limited by size. Their maximum size is in part determined by the distance that oxygen can easily diffuse into their cells. In fish gills, water passes in the opposite direction to the blood meaning that maximum diffusion of oxygen into their blood occurs.
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Exam tip


You should be able to describe how the factors in Table 1.4 affect diffusion.
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Smaller organisms like insects or single-celled organisms have a larger surface area to volume ratio than larger organisms. This means they can survive without specialised exchange surfaces.
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Exam tip


You should be able to explain why exchange surfaces and a transport system are needed. In particular, you should be able to explain how the small intestine and lungs in mammals, gills in fish and the roots and leaves in plants are adapted.
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Factors that affect diffusion


The factors that affect diffusion are shown in Table 1.4.


Table 1.4 The factors that affect diffusion.






	Factor

	How






	Difference in concentrations

	If two concentrations are similar the rate of diffusion will occur slowly. The larger the difference in concentration, the quicker the rate of diffusion.






	Temperature

	At higher temperatures, all particles have more kinetic energy. The higher the temperature, the quicker the rate of diffusion.






	Surface area

	More diffusion can occur over a large surface area. The larger the surface area, the quicker the rate of diffusion.
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Revision activity


Draw out this table with only the headings along the top and the first column on the left. Try to fill in the rest of the table from memory to help you to revise.
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Osmosis


Osmosis is the spreading out of water particles resulting in the net movement of water from an area of high to lower water concentration across a partially permeable membrane. So, osmosis is the diffusion of water across a membrane.


This happens naturally and does not require energy, so we call it a passive process. Because osmosis always happens from a high to a lower concentration, we say it occurs down a concentration gradient.


Examples of osmosis


When it rains, the soil becomes wet. It has a high concentration of water particles. This concentration is often higher than that in the plant’s root hair cells, so water moves by osmosis (or osmoses) into the plant. It moves from a high water concentration to a lower water concentration across the membrane of the root hair cells.
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We can see osmosis when we put cells into different solutions. Your red blood cells and the plasma they are surrounded by are the same concentration. So, water can move from the cells into the plasma and in reverse, but no net movement occurs. Solutions with the same overall concentration are called isotonic.


If a red blood cell is put into a solution of salty water it will shrivel and shrink. There is a higher concentration of water in the cell than in the surrounding solution. So, the water will move by osmosis from the cell into the solution. If one solution has a higher concentration than another one, we call the first one hypertonic.


If a red blood cell is put into a solution of distilled water it will swell and could burst. There is a lower concentration of water in the cell than in the surrounding solution. So, the water will move by osmosis from the solution into the cell. If one solution has a lower concentration than another one, we call the first one hypotonic.
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Required practical 2


Investigating osmosis


Aim: To investigate the effect of a range of concentrations of salt or sugar solutions on the mass of plant tissue.


Equipment: Boiling tubes, five salt or sugar solutions, distilled water, potato discs.


Method:





1  Cut six small discs of potato and individually record the mass of each.



2  Place one disc in a boiling tube of each of the five different salt or sugar solutions.



3  Place one disc in a boiling tube of distilled water to act as a control.



4  Wait for 30 minutes.



5  Remove each disc and re-measure its mass.



6  Calculate the percentage change in mass for each disc.





Results:


Plot a graph of concentration of salt or sugar solution and change in mass. If the solution contains more sugar or salt than the potato disc, then the percentage change in mass will be lower than 100% because water moves from a high concentration of water in the disc to a lower concentration in the solution.


If the solution contains less sugar or salt than the potato disc, then the percentage change in mass will be greater than 100% because water moves from the high water concentration in the solution to the lower concentration in the disc.


If the disc stays the same mass, then the concentrations are the same and no net movement has occurred.
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Exam tip


You should be able to calculate the rate at which water is absorbed into or lost from a plant, and calculate the overall percentage gain or loss of mass.
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Active transport


Active transport is the net movement of particles from an area of lower to higher concentration. So, active transport reverses the effects of diffusion.


This movement does not happen naturally and so requires the use of energy. It is therefore not a passive process like diffusion and osmosis, but an active process. Because active transport always happens from a lower to a higher concentration, we say that it occurs up a concentration gradient.


Examples of active transport


Water moves from a high water concentration in the soil to a lower water concentration in the plant by osmosis. This movement does not require energy. But what happens to mineral ions found in the soil that plants need to absorb? Minerals are present at higher concentrations in the plant than in the soil. So, they cannot move into the plant by diffusion. Plants need to absorb these mineral ions from the lower concentration in the soil to the higher concentration in the plant. This movement requires active transport, which uses energy.


This process also occurs in your digestive system. When you have just digested a meal, glucose is found at a high concentration inside your small intestine. It moves by diffusion into your blood. This does not require energy. But what happens when most of this glucose has been absorbed? The glucose is now at a higher concentration in your blood and so cannot be absorbed by diffusion. Your body absorbs the last of the glucose into your blood by active transport. This final movement uses energy.
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Exam tip


You should be able to describe how substances are transported into and out of cells by diffusion, osmosis and active transport. In doing so, you should be able to explain the differences between the three processes.
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Revision activity


Draw a table with the headings diffusion, osmosis and active transport. In the table, describe each process (perhaps with a diagram) and give examples of where each occurs.
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Now test yourself





20  Define the term diffusion.



21  In which two places does oxygen diffuse in the body?



22  Define the term osmosis.



23  How is osmosis different from diffusion?



24  What term do we give to a solution with a lower concentration of solutes?



25  By what process does water move into plant root hair cells?



26  Define the term active transport.



27  What does active transport require that diffusion does not?



28  What two processes help move glucose from the small intestine into the capillaries?



29  Why do plants absorb mineral ions from the soil by active transport?





Answers online


[image: ]







[image: ]


Summary





•  Animal and plant cells are eukaryotic, so possess a nucleus. Bacterial cells are prokaryotic and so do not.



•  Animal cells have a nucleus, cytoplasm, cell membrane, mitochondria and ribosomes. Plant cells have the same components as animal cells, as well as chloroplasts and a permanent vacuole filled with cell sap. Plant and algal cells have a cell wall made from cellulose.



•  Bacterial cells are smaller than plant or animal cells. They have a cytoplasm, cell membrane and wall. Their DNA is found as a single loop. They may also have DNA plasmids.



•  Cell specialisation allows cells to complete a specific function. Examples in animals include sperm, nerve and muscle cells. Examples in plants include xylem, phloem and root hair cells.



•  As organisms develop their cells differentiate to become specialised. These cells develop different components to fulfil their function. Differentiation happens early in the life of most animals. Many plant cells can differentiate throughout their life.



•  Microscope technology has developed over time. Electron microscopes have a much higher magnification and resolution than light microscopes. Magnification is calculated as the size of the image divided by the size of the real object.



•  The nucleus of eukaryotic cells contains chromosomes made from DNA. Chromosomes contain large numbers of genes. In diploid cells, chromosomes exist as pairs.



•  The life of a cell is described in the cell cycle. Mitosis is a part of this cycle. During mitosis, chromosomes double before the cell divides into two identical daughter cells. Mitosis is important in the growth and development of organisms.



•  Stem cells are undifferentiated. In humans, embryonic stem cells can develop into many different cells types, whilst adult stem cells can only develop into a much smaller number of cell types. Treatment with stem cells, including therapeutic cloning, could help diabetic or paralysed patients. Stem cell research is an ethical issue.



•  Plant stem cells are found in regions called meristems and can develop into any cell type. They can be used in tissue culture to produce clones of rare plants or of important crops.



•  Diffusion is the net movement of particles from an area of high to lower concentration. Oxygen and carbon dioxide move in and out of cells by diffusion. The rate of diffusion is affected by the concentration gradient, temperature and surface area.



•  Larger organisms require exchange surfaces such as lungs or gills to maximise diffusion.



•  Osmosis is the net movement of water from a high to a lower concentration across a membrane. Water moves into roots and through plants by osmosis.



•  Active transport is the net movement of particles from an area of low to higher concentration and requires energy. Plants absorb mineral ions by active transport. You absorb the last glucose molecules from your small intestine into your blood by active transport.
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Exam practice





1  What is present in animal and plant cells but not bacterial ones?


[1]







    A  Cytoplasm


    B  Cell membrane


    C  Nucleus


    D  Cellulose cell wall








2  Which type of cell is prokaryotic?


[1]







    A  Plant


    B  Animal


    C  Bacterial


    D  Fungal








3  Define mitosis.


[1]



4  How do human embryonic and adult stem cells differ?


[2]



5  Describe the differences between light and electron microscopes.


[2]



6  What is the total magnification of a light microscope with an eyepiece lens of ×10 and an objective lens of ×25?


[1]



7  Describe how you would make a light microscope slide of a human cheek cell.


[4]



8  Compare and contrast the processes of diffusion and active transport.


[6]



9  Compare and contrast plant and animal cells.


[6]





Answers and quick quiz 1 online
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2 Organisation



Animal tissues, organs and systems


Levels of organisation in living organisms


Larger multicellular animals have several levels of organisation. From smallest to largest, they are:





1  Cells are the basic building blocks of all life.



2  Tissues are groups of cells with a similar structure and function.



3  Organs are groups of tissues that perform a specific function.



4  Organ systems are groups of organs with similar functions.



5  Organisms are made from organ systems.





Table 2.1 Examples of levels of organisation.






	Organisational level

	Examples






	Cell

	Nerve cell, muscle cell






	Tissue

	Nervous tissue, skin






	Organ

	Brain, heart






	Organ system

	Nervous system, digestive system






	Organism

	Human, frog
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Revision activity


Draw out this table with only the headings along the top and the first column on the left. Try to fill in the rest of the table from memory to help you to revise.
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The human digestive system


Your digestive system is about nine metres long and runs from your mouth to your anus.


It breaks down the large, insoluble bits of food that you eat. These are broken down into smaller, soluble pieces that can be absorbed into your blood. Once this happens they are transported around your body to the cells that need them.


Functions of the parts of the digestive system


The locations of the parts of your digestive system are shown in Figure 2.1. The functions of these components are found in Table 2.2.
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Table 2.2 The parts of the digestive system and their functions.






	Component

	Function






	Salivary glands

	Salivary glands in your cheeks produce saliva. This saliva lubricates food as it passes along your oesophagus. Saliva also contains a carbohydrase enzyme called amylase that begins the break-down of carbohydrates into sugars.






	Oesophagus

	This short tube connects your mouth and stomach.






	Stomach

	Your stomach is a small bag about the size of your fist. It has ridges that allow it to increase in size when you eat food.

Food is mixed with stomach acid to kill any pathogens. Stomach acid does not break down food. Protease enzymes are mixed with food to begin the break-down of proteins.








	Liver

	Food does not pass though the liver. The liver produces bile, which breaks down fats into smaller sections. This process is called emulsification. It increases the surface area of the food to allow lipase enzymes to work more effectively.






	Gall bladder

	Food does not pass through the gall bladder. Bile is stored in the gall bladder before being released into the small intestine.






	Pancreas

	Food does not pass through the pancreas. It produces carbohydrase, protease and lipase enzymes and releases these into the small intestine.






	Small intestine

	Digested food is absorbed into the blood in the small intestine. It is about six metres long.

The surface of the small intestine is not smooth. It possesses millions of tiny finger-like projections called villi. These villi increase the surface area of the small intestine to allow more nutrients to be absorbed into the blood.


Food is pushed through your small intestine by a process called peristalsis. This process is the rhythmical contraction and relaxation of muscles in the lining of the small intestine. This movement forces lumps of food along it.








	Large intestine

	All that is left of your food when it leaves the small intestine is water and fibre that you cannot digest. The large intestine absorbs water from this food, leaving fibre which forms your solid waste (faeces).






	Anus

	This opening controls when you release faeces when you go to the toilet.
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Revision activity


Draw out this table with only the headings along the top and the first column on the left. Try to fill in the rest of the table from memory to help you to revise.
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Revision activity


Pushing a tennis ball through a pair of tights is a good model for peristalsis pushing a bolus of food along your digestive system.
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Required practical 3


Food tests


Aim: To use qualitative reagents to test for a range of carbohydrates, lipids and proteins.


Equipment: Spotting tile, boiling tube, iodine solution, distilled water, Benedict’s solution, water bath, Biuret solution, bung.


Method and results – starch test:





1  Place a small amount of food onto a spotting tile.



2  Add two drops of iodine solution.



3  If the food turns blue or black, starch is present.


If it remains brown (the colour of iodine solution) then no starch is present.





Method and results – glucose test:





1  Place a small amount of food in a boiling tube.



2  Add 10 cm3 of distilled water.



3  Add 10 drops of Biuret solution to the boiling tube.



4  Heat in a water bath at 80 °C for 10 minutes.



5  If the solution turns orange or green, glucose is present.


If it remains blue (the colour of Benedict’s solution) then no glucose is present.





Method and results – protein test:





1  Place a small amount of food in a boiling tube.



2  Add 10 cm3 of distilled water.



3  Add 10 drops of Biuret solution to the boiling tube.



4  If the solution turns a light lilac colour, then protein is present.


If it remains blue (the colour of Biuret solution) then no protein is present.





Method and results – oils test:





1  Place a small amount of food in a boiling tube.



2  Add 10 cm3 of distilled water.



3  Place bung in boiling tube and shake vigorously.



4  If an oil is present an emulsion will form and the water will turn cloudy.
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Enzymes


Enzymes are biological catalysts. They speed up reactions and are not used up in them. This section focuses on the enzymes present in your digestive system. These enzymes break down large molecules of food into smaller ones. They are called break-down enzymes. There are other enzymes, however, that do the reverse. They join smaller molecules together to make larger ones. The enzyme involved in protein synthesis does this, for example. These are called synthesis enzymes.
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Exam tip


You should be able to relate your knowledge of enzymes to metabolism.
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Human digestive enzymes


There are three types of digestive enzyme. The molecules of food that they break down are called substrates. The three types of enzymes, their substrates and products and where they are found are shown in Table 2.3.
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Revision activity


Draw out this table with only the headings along the top and the first column on the left. Try to fill in the rest of the table from memory to help you to revise.
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Exam tip


You should be able to recall the locations where digestive enzymes are produced (see Table 2.3). You should also be able to state simple word equations for these break-down enzymes.
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Bile


Bile is not an enzyme. It does not break down lipids into fatty acids and glycerol as lipase enzymes do. Bile is an emulsifier. It breaks down large globules of fat into smaller ones. This process increases the surface area that lipase enzymes can then work on. This process speeds up their digestion.


Bile is also an alkaline substance. It neutralises any excess stomach acid at the beginning of the small intestine. This process provides the enzymes in the small intestine with their optimum pH.
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Typical mistake


Bile is not an enzyme. It is a chemical substance that emulsifies (breaks down) fats.
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The lock and key theory


Enzymes are specific for their substrates like keys are specific for their locks. So, protease enzymes will not break down lipids, just as the key to your house will not open your parent’s car. For an enzyme to break down a substrate, the substrate must fit into the enzyme, just like a key fits into a lock. So, the shape of the enzyme and substrate must match, just like keys and locks. This model is called the lock and key theory.
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Exam tip


You should be able to use the lock and key theory to explain how enzymes work.
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At optimum pH and temperature, the shapes of the enzyme and substrate fit together perfectly. When we move away from the optimum pH or temperature, the shape of the active site changes. This change makes it harder for the enzyme and substrate to fit together and so slows the rate at which the enzyme works. This in turn slows the reaction. If extremes of pH or temperature are reached, the shape of the active site is permanently changed. The enzyme’s active site becomes denatured and will no longer function.
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Exam tips


You should be able to relate the activity of enzymes to their temperature and pH.


You should be able to calculate the rate at which chemical reactions occur.
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Exam tip


As well as the lock and key theory, enzyme activity at higher temperatures can be explained by particle theory. At higher temperatures, molecules have more kinetic energy so move faster. This means that they are more likely to collide with substrates.
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Required practical 4


pH and rates of reaction


Aim: To investigate the effect of pH on the rate of reaction of amylase enzyme.


Equipment: Boiling tubes, iodine solution, amylase solution, pH buffer solutions, water bath, pipettes, spotting tile.


Method:




  1  Place one drop of iodine into each well of a spotting tile.


  2  Put 10 cm3 of starch solution in a boiling tube.


  3  Place 2 cm3 of amylase solution in another boiling tube.


  4  Add 5 cm3 of pH buffer solution to the second boiling tube.


  5  Place both boiling tubes into a water bath at 37 °C for 2 minutes.


  6  After 2 minutes, add the contents of both boiling tubes together.


  7  Every 30 seconds, use a pipette to put one drop of solution into a new well of the spotting tile.


  8  Repeat every 30 seconds until the solution turns blue or black.


  9  Repeat with different pH buffer solutions.





Results: The longer the time that the iodine test gave positive results, by turning blue or black, the less suitable the pH is to the enzyme. So, the optimum pH is the one at which the solution remained brown for the longest.
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The heart and blood vessels


Your circulatory system is made from your heart and all your veins, arteries and capillaries. Its function is to provide all the millions of billions of cells in your body with the substances they need. All cells need glucose and oxygen for respiration. All cells need carbon dioxide and water (the products of respiration) to be removed. Other cells require different substances such as hormones at specific times, such as during puberty. Your circulatory system ensures that all your cells have all the substances they need.


The heart and double circulation


Your heart is an organ made from muscle and nervous tissue. It pumps roughly every second and so your heart beats an amazing 100 000 times a day or over two billion times in your lifetime. Amazingly, many other mammals have heartbeats that are roughly similar and tend to beat around one billion times in their lifetime.


Your heartbeat is controlled by your ‘natural pacemaker’. This is a small group of nervous tissue cells in the top right chamber of your heart. They generate an electrical signal which spreads out along your heart’s nerve fibres and causes the heart muscle to contract. This action pumps blood from your heart. Your pacemaker controls the rate at which your heart beats.
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Blood takes about 1 minute to complete a full circuit of your body. During this time, it will pass through your heart twice. Blood is pumped in a circle from your heart to your lungs, back to your heart and then to the rest of your body, before returning to your heart to start again. This is called double circulation.


Your heart has four chambers: two on each side. The top two chambers are called atria, or your left atrium and your right atrium. The bottom chambers are called ventricles. Atria and ventricles are separate by valves. Blood collects in your atria when the valves are closed. When your heart beats, the blood in your atria is forced into the ventricles. More valves at the ends of the ventricles stop blood being pumped straight into your blood vessels. When your heart beats again, the blood in your ventricles is forced into your blood vessels to begin another journey around your body.
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Typical mistake


Convention dictates that labelled heart diagrams in all books (including this one) have the right-hand side on the left and the other way around.
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Blood is pumped from your left atrium into your left ventricle. It is then pumped into an artery called the aorta. The aorta divides into smaller arteries and eventually into tiny capillaries that permeate your tissues and organs to provide oxygen, glucose and other required substances. Your capillaries collect into small veins that join to become larger and eventually form one vein called the vena cava. This vein returns blood to your right atrium. From here it is pumped into your right ventricle and then into an artery called the pulmonary artery. This artery takes blood to your lungs to replenish the oxygen and remove carbon dioxide. Your blood completes its journey by returning to the left atrium in your pulmonary vein.


The muscular lining of your heart is thicker on the left-hand side. This difference is because the left ventricle pumps blood to all tissues of your body including those in your extremities. The right ventricle only pumps blood to the lungs so does not need such a thick muscular lining.
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Exam tip


You should be able to describe the structure and function of the human heart and lungs including their adaptations.
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The blood vessels


You have between 50 000 and 100 000 miles of blood vessels in your body, which is enough to circle the Earth. There are three types: arteries, veins and capillaries.


Arteries take blood away from the heart. This blood is under high pressure, so the lining of arteries needs to be thick and muscular. It is also elastic so it can stretch when blood is pumped from your heart. You can feel this surge of blood in places such as your wrist where arteries are near the surface. This surge is called your pulse.
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Exam tip


You should be able to explain how the structure of blood vessels relates to their function.
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Capillaries carry blood into your tissues and organs to provide all your cells with the substances they need. Capillaries are very small and spread out into your tissues and organs like the roots of a tree. They are very thin. Blood plasma passes from capillaries into the tissues. Here plasma is called tissue fluid and it provides cells with glucose and oxygen for respiration and other substances. Glucose and oxygen move into the cells by diffusion. The products of respiration are carbon dioxide and water. Carbon dioxide and water diffuse into the tissue fluid to be carried away in the capillaries.
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Figure 2.6 How a digestive enzyme breaks down a substrate. Here the
substrate is sucrose and the products are glucose and fructose.
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Figure 2.5 Digestive enzymes control reactions that take place in the
digestive system. No enzymes are made or used in the oesophagus,
liver [bile is not an enzyme), gall bladder, large intestine or anus.
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Figure 2.8 Extremes of temperature and pH denature enzymes by
altering the shape of their active site, so the substrate can no longer fit.
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Figure 2.10 A cross-section of the heart, showing its structure.
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Figure 2.7 This graph shows the effect of temperature on the activity of
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Figure 2.9 The circulatory system, showing
the main organs with which the blood
exchanges substances. A bright red colour
indicates oxygenated blood and a dark red
colour indicates deoxygenated blood.
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Figure 2.11 Note the thickness of the artery wall.
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Figure 2.3 The rhythmical contraction and
relaxation of the muscles that line much of
the digestive system is called peristalsis.
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Figure 1.9 A labelled diagram of a light microscope.
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Figure 1.11 The main steps in mitosis for a cell with just two pairs of
chromosomes. Note that the two new cells at the bottom of the diagram
are identical to each other and also the original ‘parent’ cell at the top in

terms of chromosome number.
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Figure 1.3 A generalised plant cell as three- and two-dimensional
diagrams.
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Figure 1.5 The parts of a nerve cell.
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Figure 1.6 The parts of a root hair cell.
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Figure 1.1 A bacterial cell as three- and two-dimensional diagrams.
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Figure 1.2 A generalised animal cell as three- and two-dimensional
diagrams.
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Figure 1.12 Molecules in a
gas spread out by diffusion.
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Figure 1.14 Two partially permeable membranes. Both membranes have
the same concentration of solution on the right-hand side. However,
water moves in opposite directions through the membranes.
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Figure 1.13 Diffusion of gases between an alveolus and a blood capillary
in the lung.





OEBPS/OEBPS/images/15-1.gif
small intestine

capillary glucose absorbed
by active transport
glucose
absorbed
by diffusion
@ (b)

Figure 1.16 Look carefully at the glucose concentrations in the intestine
and in the blood: a) diffusion, and b) active transport.
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Figure 1.15 This is what happens to red blood cells in solutions with
different concentrations of water. (Not to scale.)
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Figure 2.1 The digestive system showing the location of the
villi
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Figure 2.2 Villi are small,
hair-like structures in your
small intestine. Villiincrease
the surface area over which
molecules of digested food are
absorbed.





