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Getting the most from this book


Welcome to the Edexcel International GCSE (9−1) Biology Student Book. This book has been divided into seven Sections, following the structure and order of the Edexcel specification, which you can find on the Edexcel website for reference.


Each Section has been divided into a number of smaller Chapters to help you manage your learning.


The following features have been included to help you get the most from this book.




[image: ]


TO THINK ABOUT …


Try the activity before you start, and then have a look at it again once you have completed the Section, to see if your responses are different before and after learning more about the topics.
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PRACTICAL


Practical boxes provide hints on key things to remember, or alternative practical work that you can do to help you learn more about that topic.
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STUDY TIP


Study tips throughout the book will guide you in your learning process.
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MATHS TIP


Maths tips and skills give you additional help with the maths in the book so you can avoid losing valuable marks in the exam.
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STUDY QUESTIONS


At the end of each Chapter you will find Study Questions. Work through these in class or on your own for homework.
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At the end of each Section, you will find a summary checklist, highlighting the key facts that you need to know and understand, and key skills that you learnt in the Section.
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Before you try the Exam-style questions, look at the sample answers and expert’s comments to see how marks are awarded and common mistakes to avoid.
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You will find Exam-style questions at the end of each Section covering the content of that Section and the different types of question you will find in an examination.
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ANSWERS


Answers for all questions and activities in this book can be found online at www.hoddereducation.co.uk/igcsebiology
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EXTEND AND CHALLENGE


When you have completed all the Exam-style questions for the Section, try the Extend and Challenge questions.
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1 Living organisms: variety and common features
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Seeing inside living organisms


The two images of cells and their internal structures were obtained using different microscopes. The first microscope is one that you might use in your biology course and it gives an image of a plant cell with chloroplasts. With this microscope, a beam of light is shone through the specimen, and then the light passes through a system of lenses that magnify the specimen and let you see inside the cell. The maximum useful magnification with this light microscope is around 1500. If the magnification is any higher, the image becomes too blurred to see any detail.
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TO THINK ABOUT …





•  Make a list of things you know occur inside cells.



•  Name some organisms that are made up of one cell only.



•  Make a list of some of the different types of cells that are found in plants and in animals.
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The second image of a cell was taken with an electron microscope, shown with two people using one. The electron microscope uses a beam of electrons rather than light and magnifications of 100 000 are quite common. That is how the detail inside a chloroplast can be revealed. A disadvantage of the electron microscope is that specimens have to be killed and sliced, so living material cannot be observed.


By using microscopes, we know that living organisms are made up of ‘cells’ and scientists have also learnt about the smaller structures inside the cells, such as the chloroplasts you see in these images. But are all cells the same? Or are there different kinds of cells in the diverse range of living organisms we can observe: plants, animals, fungi protoctists and bacteria? How do cells work together within an organism and how do cells connect with each other, allowing materials to move between them?
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TO THINK ABOUT …


Try to answer these questions at the start of this section, then come back to them when you have completed the section to see how far you have progressed in your understanding.
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1.1 Characteristics of living organisms


Is it alive?


Biology is the study of life. But what exactly do we mean when we say that something is living? Imagine for a moment, that you are an intelligent alien species visiting planet Earth – but with no humans to talk to. How would you decide whether an object was alive (like a mouse) or not (like a pebble)? You might decide that movement is a characteristic of life – but does that mean that a falling snowflake is alive? Or you might decide that growth is a characteristic of life – but does that mean that a growing crystal of salt is alive? In these images the snowflake is not living but the human egg cell and flower are both parts of living organisms.




[image: ]






[image: ]






[image: ]






[image: ]




This problem faces space scientists who wonder whether life has ever existed on nearby planets like Mars. Just because a sample of Martian soil absorbs oxygen, this does not by itself prove that there are living organisms using up the oxygen in the soil – the oxygen might just be reacting with minerals in the rocks. How can we be sure that something is living?


Introducing living organisms


One solution to the problem of what we mean when we say that something is ‘living’ is to produce a list of characteristics which is true for all forms of life on planet Earth. Unless an object does all of the things on the list, it cannot be considered alive. It is either dead or it was not a living organism in the first place.


Section 1.1 acts as an introduction to the rest of the book. It provides a list of what makes living organisms different from non-living things and establishes the special features (characteristics) of living organisms. It emphasises the common features possessed by all living organisms (plants, animals and microorganisms) that make them distinct from non-living things, such as a rock. These common characteristics link living organisms together, through a common origin and shared history since life began on Earth 3.5 billion years ago.


This introduction aims to give a brief view into the extended and more detailed discussions in the later sections of the book, in which you explore how living things work – first within individual cells, then (for multicellular organisms) inside larger whole organisms. Later you have a chance to look at ecological relationships, which show how living organisms interact with each other in the places where they live (their habitats). In the final sections of the book, you take a closer look at human beings – their influence on the natural environment and how humans use biological resources. We see how humans now (and in the past) use and apply biological principles – for example, in the production of food.
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STUDY TIP


In Biology, you have to understand the links between sections.
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In Section 1.1, the focus is on green (flowering) plants and humans, though the characteristics apply to the whole range of living organisms (outlined in Section 1.2). As you work through Section 1.1, you can use the Study tips to guide you forwards to the relevant sections where the particular topics are discussed in more detail. Or, when you have studied other sections in the book, you can refer back to this introduction and see how far you have improved your understanding of what living organisms are and how they work.
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STUDY TIP


Note that the Study tips in Section 1.1 all direct you to other parts of the book where the topics are developed in greater detail.
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Nutrition


Nutrition is the means of obtaining food, which provides the energy that living organisms need for the processes they carry out. It also provides the molecules that are built into other molecules that make up the substances of living material.


Green plants obtain their food by taking in simple molecules. They take in carbon dioxide from the air and water and mineral ions from the soil. Green plants trap energy from the Sun and use this to build complex molecules from these simple molecules. This process is called photosynthesis and is of fundamental importance as the route by which energy is captured by living organisms then distributed through the living world to allow life as we know it. Plants are described as autotrophic because they build up their own food (‘auto’ = ‘self’ and ‘trophic’ = ‘feeding’).


Animals eat other living organisms (plants or animals) and derive their energy from this food. The food contains complex molecules so the animal has to break these down into simpler units before building them up again into the complex molecules that form part of the animal. Animals are described as heterotrophic because they obtain food from a range of different sources (‘hetero’ = ‘different’). Originally, the energy contained in the food comes from the Sun through plants, as indicated above, though often there is a food chain (or food web) that connects the plant and the animal (or human).
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STUDY TIP


Refer to Section 2.1 for nutrition in flowering plants, Section 2.2 for human nutrition and Section 6.2 for feeding relationships between organisms in an ecosystem.
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Respiration


Respiration is the process that releases the energy locked within substances such as glucose. Chemical energy has been stored in the glucose and is released when the molecular bonds are broken. Respiration takes place in the cells of all living organisms. It is a series of chemical reactions and usually oxygen is required and carbon dioxide and water are produced as waste products. The energy released is transferred to a molecule (such as ATP) that acts like an energy battery, which stores the energy until it is needed to power some process in the living cell.


Respiration must not be confused with gas exchange, which describes the processes involved in getting oxygen from the air to the cells and getting waste carbon dioxide out of the organism. In humans, breathing is part of the mechanism for gas exchange and is the way of getting air in and out of the lungs. You must be clear that breathing is not part of the process of respiration.
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STUDY TIP


Refer to Section 2.3 for the topic of respiration in plants, animals and some microorganisms.
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Excretion of waste


Many chemical reactions take place inside the cells of living organisms. These are described as metabolic reactions. These reactions form pathways in which each step involves changing substances into other materials.


Many of these metabolic reactions that take place in cells produce waste products that are not required by the cells and may even be toxic if they accumulate. Excretion describes the processes by which these substances are eliminated from the plant or animal. Examples of waste products include carbon dioxide from respiration and oxygen from photosynthesis. Water is also produced as a waste product in many reactions. In humans (and other animals), when proteins break down they produce a waste product that contains the element nitrogen – usually as urea. In humans, urea is eliminated from the body from the kidneys in urine.


In humans, you must not confuse egestion and excretion. Egestion describes the way that faeces are eliminated from the body. Most of the materials in faeces have never been absorbed from the intestines into the cells of the body.
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STUDY TIP


Refer to Section 4.1 for excretion in flowering plants and Section 4.2 for excretion in humans.
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Response to surroundings


Living organisms share the characteristic of sensitivity to different stimuli in their surroundings and an ability to respond. This means that living organisms can avoid problems (such as being eaten or becoming dried out) and can gain access to resources (such as light or food).
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STUDY TIP


Refer to Section 4.3 for general information about coordination and response, then to Section 4.4 for response in flowering plants and Sections 4.3 and 4.5 for details relating to response in humans.
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Plants and animals differ in the way that they respond to a stimulus. As examples, humans have special organs (known as receptors) that detect the stimulus (such as the eye for light or the ear for sound). They have a nervous system that coordinates a quick response, using muscles (that enable the person to run away from danger). Plants often respond much more slowly, by growing in a particular direction in response to the direction of light or gravity.


Movement


All living organisms move in some way, though we more often associate movement from one place to another with animals.
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STUDY TIP


Refer to Sections 3.3 to 3.6 for details about movements of substances within organisms under the heading of ‘transport’ and to Section 4.4 for ways that parts of flowering plants move. There is no further discussion of locomotion in animals.
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In plants, movement usually involves a part of the plant, rather than the whole organism. Some plants (such as climbing beans or peas) produce tendrils. These may twist around until they make contact with an object, like a stick, to which they can anchor.


Most animals are able to move from place to place and this is known as locomotion. Some do not move very far, but for many we are familiar with characteristic movements such as an athlete running, a bird flying, a worm wriggling or a fish swimming.


Control of internal conditions


The conditions inside an organism, such as temperature and water content, must be kept within strict limits. If these limits are exceeded, the processes that occur in the organism may suffer, having an effect on its health. The term homeostasis is used to describe the maintenance of the internal environment of an organism within the required limits.


For example, in the human body, if the internal temperature gets too high, there are mechanisms for losing heat and allowing the body to cool. Similarly, if the body loses too much water without taking in enough to compensate or if the level of carbon dioxide in the blood is too high, there are systems in the body to control these situations, bringing the internal environment back to normal.


In plants, various mechanisms exist that help control the internal environment. On a very hot day, a plant might lose a lot water from its leaves and then begin to wilt. The stomatal pores on the leaves may close as a result and this prevents any further loss of water vapour. On the other hand, in a plant with a good water supply, the stomata remain open encouraging water loss from the leaf. This process cools the leaves in the same way as sweating cools the skin of a mammal.
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STUDY TIP


Look in Section 4.3 for details about control of internal conditions, though this refers mainly to humans. You can find more details (for humans) in Sections 4.2 and 4.5.
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Reproduction


Every living thing ultimately dies. But if they can reproduce first, they ensure that there are some offspring to take their place in the world.


Living organisms all share the ability to reproduce and make more like themselves and so continue the species from one generation to the next. The information that controls an offspring’s characteristics is contained in the DNA. This essential information divides when a cell divides, so that some is passed on to each of the cells that build up into the next generation.


For some, particularly for microscopic organisms, reproduction occurs simply by dividing into two. In other organisms, a piece breaks off and is able to grow into a new individual. This can occur in many plants and some animals. These are methods of asexual reproduction.


Most plants and animals reproduce by sexual reproduction. This occurs as a result of two special cells joining together. These special cells are the sex cells – one from the male and one from the female. The offspring receive some DNA from the male parent and some from the female parent and this DNA determines the characteristics of the offspring and ensures there is continuity to the next generation.
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STUDY TIP


Refer to Section 5.1 then to Section 5.2 for flowering plants and Section 5.3 for humans. Section 5.4 gives details about DNA.
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Growth and development


In sexual reproduction, the new individual starts as a single fertilised egg cell (zygote). The zygote divides to form the many different types of cells that make up the tissues and organs of an adult individual.


During development from zygote to adult, the organism gets larger and usually changes in shape and proportion. Animals reach a maximum size and then generally do not increase further, nor do they continue to develop new structures in the way that plants do.


Plants continue to grow throughout their lives. For example, every year a tree puts out new growth from its buds, including new shoots and new leaves. This means it grows in size and complexity each year. In flowering plants, flowers develop into fruits and seeds and these may be dispersed to start the next generation.


You could try to find some photographs of yourself at different ages, and use these to trace your own growth and development from the time you were quite small to see how have you changed throughout your life so far.
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STUDY TIP


Section 5.2 includes some information for flowering plants and Section 5.3 for humans, though you might also make links with Section 2.2 (human nutrition).
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STUDY QUESTION





1  The table below lists some descriptions or statements about processes carried out in living organisms. Some are carried out only by plants and some only by animals. Some processes are carried out by both plants and animals.





Copy and complete the table. Tick in the boxes to show whether the processes are carried out by plants or by animals (or both). In the final column, name the process involved.


(It will help you to think of a bean plant and a human as examples of a plant and an animal.)
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1.2 Variety of living organisms


From simple origins to the diversity of today’s living organisms


The sweep through history and pre-history gives an overview of life from its possible origins, perhaps 3.5 billion years ago. It shows what scientists have pieced together from the probable beginnings of life to the diversity of living organisms we see on Earth today. The timescale is approximate but is backed by geological evidence in the rocks and later by fossil evidence showing the forms of some ancestors of plants and animals that exist today – and some that have become extinct.
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Today’s world has an enormous diversity of living organisms. To help us make sense of all this information, we find it useful to sort (or classify) them into groups. If you were in charge of a library, how would you organise the books? Would you arrange them according to the colour of their covers or when they were published or would you classify them on the basis of their authors or topics? Which would be most useful and what would you do if new books were added – where would you fit them in?


For living organisms, the diagram can be described as an outline of a sequence with branches, reflecting relationships between different groups and how they have changed or diverged over time. In present-day organisms, those with similar features are considered to be closely related, having at one time shared common ancestors.


A widely accepted classification is the ‘Five kingdom’ classification and the ‘groups’ described in this section are based on this, but what other systems of classification have been used in the past or are currently considered? Who did a lot to establish the binomial system for naming organisms (into genus and species)? Why do classification systems change and have to be altered as new species are found? And how do modern DNA studies confirm or raise questions about existing classification systems?


Eukaryotic and prokaryotic organisms and their features


Cells that contain a nucleus with a distinct membrane are described as eukaryotic (see page 11). Eukaryotic organisms may be multicellular or single-celled. Plants, animals, fungi and protoctists are all eukaryotic organisms.


Prokaryotic cells do not have a nucleus and the nuclear material (a single circular chromosome) lies in the cytoplasm of the cell. Prokaryotic cells are much smaller (they have a thousand-fold smaller volume) than eukaryotic cells. In fact they are too small to contain chloroplasts or mitochondria (see page 12). Bacteria are prokaryotic organisms.


Eukaryotic organisms


Plants and animals are two of the five main groups of living organisms. Both are multicellular. Some key features that distinguish plants from animals are listed.


Plants





•  contain chloroplasts (and so carry out photosynthesis)



•  have cellulose cell walls



•  store carbohydrates as starch or sucrose.







[image: ]






[image: ]




Animals





•  do not contain chloroplasts (so cannot carry out photosynthesis)



•  do not have cellulose cell walls



•  often store carbohydrates as glycogen



•  usually have nervous coordination



•  are able to move from place to place.
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Fungi





•  cannot carry out photosynthesis



•  have cell walls made of chitin



•  some are single-celled (e.g. yeast)



•  the body, for most, is made up of thread-like hyphae, containing many nuclei and organised into a mycelium (e.g. Mucor)



•  feed by secreting extracellular digestive enzymes (outside the mycelium) onto the food and then absorbing the digested molecules



•  this method of feeding is described as saproptrophic (feeding on decaying matter)



•  some fungi are parasitic (feeding on living material)



•  may store carbohydrate as glycogen.
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Protoctists






•  are a rather diverse group of organisms, held together by the fact that they don’t fit in any of the other groups



•  are microscopic and single-celled, though some aggregate into larger forms (such as colonies or chains of cells that become filaments)



•  are usually aquatic



•  some have features like animal cells (e.g. Amoeba and Plasmodium, the parasite that causes malaria)



•  some have features like plant cells, including chloroplasts (e.g. Chlorella). Algae are included in this group.
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Prokaryotic organisms


Bacteria





•  are single-celled, though have different shapes (e.g. rod-shaped, spherical)



•  cell structure includes cell wall, cell membrane, cytoplasm, and plasmids



•  have no nucleus but contain circular chromosome of DNA



•  feed in different ways:







    •  some can carry out photosynthesis


    •  most feed off other organisms, living or dead. (If feeding off a living organism, the bacteria are described as parasites; if feeding off dead organisms, the bacteria are described as saprobionts or decomposers.)
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Pathogenic organisms, including viruses


The term pathogen is used to describe a microorganism that causes disease, for example in plants and animals. Fungi, protoctists and bacteria all include some pathogens.


All viruses are pathogenic and can exist only inside a living cell. Viruses can reproduce but do not carry out other characteristics of living things. For this reason, often viruses are not included in a classification of living organisms. Features of viruses are listed below.
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Viruses





•  very small particles (smaller than bacteria), variety of shapes and sizes



•  lack a cellular structure



•  consist of a protein coat that surrounds either DNA or RNA



•  live and reproduce only inside living cells



•  can reproduce (by instructing the host cell to make more of them), but do not carry out any other characteristics of living organisms



•  all are parasitic and infect every type of living organism (including plants, animals and bacteria; viruses that infect bacteria are called bacteriophages).
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STUDY QUESTIONS





1  Section 1.2 gives a broad picture of the range of living organisms and the common features that have led to a classification system and the recognition of groups within this system. In Section 1.2, very few named examples have been included from the enormous number of living organisms that exist today (and have existed in the past).





For each group, list three more examples of organisms that would fit in that group. Check that your examples show the given features. Then include some information about each organism in your list (such as why they are important to humans or where they can be found). Give your information under the following headings:




    •  Plants


    •  Animals


    •  Fungi


    •  Protoctists


    •  Bacteria


    •  Viruses.





For the last four groups (fungi, bacteria, protoctists and viruses) include at least one pathogen in your list.


Explain why viruses are often not included in a biological classification of living organisms.





2  The Study tips are given in the box below as cross-references. These all make connections with topics in other parts of the book and which you study during your course.





Follow each of the links to help you make the connections and understand about the range of living organisms and the common features they show. You can check the links either when you study Section 1.2 or as you study different topics of your biology course. Devise your own chart to summarise the groups of organisms and the connections with other aspects of their biology.
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Cross-references to other parts of the book





•  For more information about plants look at Section 1.3 (cells and their organisation), Section 1.4 (biological molecules), and Section 2.1 (plant nutrition).



•  For more information about animals look at Section 1.4 (biological molecules), Section 4.5 (coordination and response in humans), and Section 1.1 (characteristics of living organisms).



•  For more information about fungi, read about glycogen in Section 1.4 (biological molecules), yeast in Section 7.2 (using microorganisms to produce food) for its role in fermentations, including making bread, and in Section 6.3 (cycles within ecosystems) for the role of fungi in extracellular digestion and in nutrient cycles and decomposition.



•  For more information about bacteria, look at Section 1.3 to compare cell structure in bacteria with that of plant and animal cells, and read about DNA in Section 5.4 (genes and choromosomes) and use of plasmids in GM in Section 7.5 (genetic modification). You can also look at Section 7.2 for cultivation of bacteria in fermenters (for particular products), and make a link to pathogenic bacteria and immune response in Section 3.5 (transport in humans (1) - blood, structures and functions) and their role in decomposition in natural cycles in Section 6.3.



•  For protoctists, make a link to eutrophication.



•  For more information about viruses read about the use of bacteriophages as vectors for genetic modification in Section 7.5.



•  Finally, you can look at Section 5.6 (variation, change and evolution) to help you understand how the variety of living organisms has arisen, and how species and groups have changed over time (and will continue to change).
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1.3 Cells and their organisation


The importance of tiny cells


The white cliffs of Dover, a well-known landmark in England, are enormous and easily visible from 30 miles away across the sea. Yet they are mainly built from the shells of single-celled organisms called phytoplankton. The second photo shows an example of one phytoplankton cell, covered in plates of calcium carbonate (chalk), and its name is Emiliania huxleyi. These tiny cells swirl around the oceans of the world and, if they are not eaten, they die and settle on the bottom as a white layer of chalk. The white cliffs of Dover were once on the floor of the sea, and their chalk is made up of such phytoplankton shells, only visible individually with the help of an electron microscope.
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The fundamental unit of all living matter is the cell, and life depends upon whole cells. A fragment of a cell cannot be regarded as living matter. So what are the key features shared by all cells? What are the differences between animal and plant cells? How do all the processes of living organisms go on inside cells? How are cells organised inside to make these living processes work and how do cells work together in larger multicellular organisms?
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Cells and their internal structures


You need to use a microscope to see cells. With a simple light microscope you can see the outlines of cells and some of the structures inside. With more powerful microscopes (including electron microscopes), giving higher magnification, scientists are able to observe more details of the internal structures and find out a lot about these structures and how they function in a cell.


The internal structures are described as organelles and they provide organised ‘compartments’ inside the cell. Each organelle carries out a particular task and it is important that they all work together to carry out the functions of the whole cell.


Features of plant cells and animal cells


Figure 1.1 shows key features of a generalised plant cell and a generalised animal cell. The plant cell is similar to a palisade mesophyll cell in a leaf and the animal cell is similar to a ‘cheek’ cell from the lining of your mouth. Some features are common to all cells, whereas some features are found only in plant cells or only in animal cells. Many cells differ from this generalised view as they are specialised to carry out particular functions. We look at some examples of specialised cells later in Section 1.3.
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The list below links features labelled in the diagram (Figure 1.1) with their functions in the cell. Features found in both plant and animal cells are given first.





•  Cytoplasm – This is like a thick watery liquid and many of the activities of cells take place in the cytoplasm. Important molecules here include enzymes, which catalyse many metabolic reactions, such as those of respiration and synthesis of proteins. A number of smaller structures, the organelles, are found floating in the cytoplasm – these look like particles when viewed with a light microscope. The organelles are not fixed in position and can move within the cytoplasm. Sometimes, for example, chloroplasts can be seen ‘streaming’ (i.e. moving round) in a cell.



•  Mitochondria – These are sausage-shaped organelles, scattered throughout the cytoplasm, where key reactions of aerobic respiration take place. They are just visible as small specks under the light microscope.



•  Ribosomes – These are very small complex particles (much too small to be seen with a light microscope), found in the cytoplasm. They are responsible for the synthesis of proteins, including enzymes, specified by genes in the nucleus of the cell (see Section 5.4). A single cell contains millions of ribosomes.



•  Nucleus – This contains the genetic information of the cell. This information is located in the DNA, which forms the chromosomes. The chromosomes become visible as thread-like structures when the cell is dividing, but most of the time the nucleus just appears denser than the cytoplasm and the chromosomes cannot be seen. Information about each feature of the cell (and the whole organism) is held in the genes, along the length of the chromosome. The nucleus (through the genes) determines the substances the cell makes and controls the activities of the cell.



•  Cell membrane – This is the boundary between the cytoplasm of a cell and its surroundings. It keeps the cytoplasm and the organelles inside the cell and the cell membrane also controls which materials enter and leave the cytoplasm. Some materials may pass across the cell membrane by diffusion and others by active transport. Many materials are kept inside the cell, while others are prevented from entering.
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STUDY TIP


Look in Section 1.4 for more details about enzymes.
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STUDY TIP


You can find information about DNA, genes and chromosomes and protein synthesis in Section 5.4.
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STUDY TIP


Look in Section 1.5 and make the link to diffusion and active transport.
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These features are found only in plant cells.





•  Chloroplasts – These are green disc-shaped organelles found in the photosynthetic cells of plants. (Chloroplasts are also found in some bacteria and in some protoctists.) This is where the chemical reactions of photosynthesis occur. The green colour is due to the presence of the pigment chlorophyll. The chloroplast is the second largest organelle in the plant cell, after the nucleus, and is easily seen under the light microscope. Many plant cells do not contain chloroplasts – such as those in roots.



•  Cell wall – Plant cells are all surrounded by a tough cell wall. The plant cell wall is composed of a polymer of glucose called cellulose. The cell wall provides strength and protection to plant cells. It is strong and resists forces that could change the shape of the cell. Cell walls make the outline of plant cells easy to see under the light microscope. Fungi and bacteria also have cell walls, but made of different materials. In fungi, the cell walls are made of chitin, a substance also found in insects. In bacteria, the cell walls are made of a polymer of sugars and amino acids.



•  Vacuole – This is a large region at the centre of a plant cell, separated by a membrane from the cytoplasm. It contains a watery solution known as cell sap. Often the cell sap pushes the cytoplasm outwards against the cell wall, giving the plant cell rigidity. Animal cells do not have a large vacuole though sometimes they contain small vacuoles.
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STUDY TIP


It is important to understand the role of chloroplasts in photosynthesis (see Section 2.1 for flowering plants and Section 1.2 for a wider variety of organisms).
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STUDY TIP


Make a link to the cellulose molecule in Section 1.4.
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STUDY TIP


Look in Section 1.5 and Section 3.1 to find out about the importance of turgid cells in plants.
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Differences between plant and animal cells


Common features in all cells have been listed above. Differences between plant and animal cells are summarised in Table 1.1.
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Diversity and specialisation of cells


The generalised cells (Figure 1.1) show you the basic features of cells. But many cells, in both plants and animals, become specialised for the function they carry out. Here are just a few examples of specialised cells that you study in other parts of this book:





•  root hair cell – an elongated ‘root hair’, increases the surface area for absorption of water



•  guard cells – shape alters when turgid and flaccid, controls the opening and closing of stomata on the leaf surface



•  red blood cell – has no nucleus, contains haemoglobin, carries oxygen in the human body



•  nerve cell – an elongated ‘nerve fibre’, transmits nerve impulses.
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STUDY TIP


For more details about these cells, look in Section 3.4 for root hair cells; in Section 3.1 for guard cells; in Section 3.5 for blood cells; in Section 4.5 for nerve cells.
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Levels of organisation


For simple single-celled organisms, the cell is the whole organism. These organisms can only be seen using a microscope. For the many larger organisms that you can see and are familiar with, the body of each individual organism is made up of millions or billions of individual cells. These cells are organised in a way that allows them each to do a particular ‘job’ and contribute to the survival of the individual.


The human body is estimated to contain about 250 different types of cells, whereas a plant is made up of a more limited range of about 25 types of cells. These different types of cells are organised at different levels – first into different types of tissues then the tissues into organs. All of these are organised into a limited number of major organ systems.


The list summarises the levels of organisation and Table 1.2 gives some examples that illustrate these levels.





•  Organelle – a component inside a cell that carries out a particular task.



•  Cell – the basic functional unit of living organisms.



•  Tissue – a collection of similar cells, carrying out a particular function within an organ.



•  Organ – a collection of different tissues that work together to perform a common function.



•  System – groups of organs working together to perform an overall function for the organism.
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STUDY TIP


Make links with a range of examples showing the arrangement of tissues within a plant organ – see cross-section of leaf (Section 2.1), and cell and tissue structure in the small intestine (Section 2.2).
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Stem cells and cell differentiation


All multicellular organisms begin life as a single cell – the fertilised egg cell (zygote). This cell divides by mitosis to form two daughter cells, and these then divide to form more cells, and so on. Eventually an individual organism may be made up of several billion differentiated cells – grouped in the ways listed in Table 1.2.


As new cells are produced in the growing human embryo, specific genes are switched on (active) and off (inactive) inside each cell. This pattern of active and inactive genes cause a cell to commit itself to begin differentiating into one of the 250 possible types of cell in the adult human body. In the initial stage of this differentiation process, it is possible for the initial pathway of development to be switched to any other pathway – at this stage a cell is called a totipotent stem cell (as it has the potential to differentiate to become any kind of specialised cell). Eventually, however, cells become stuck on a fixed pathway of development, and can only become a specific kind of cell (e.g. red blood cell, neurone, etc).


Our bodies maintain a small population of stem cells in most of our organs. These stem cells are used to produce new cells as adult tissue cells are damaged or killed by accidents and disease. Our bone marrow, for instance, contains stem cells which divide to produce new red and white blood cells during our life.


Stem cells are the subject of current biomedical research, and they have been used to treat injured and diseased organs (for example heart muscle, brain, retina). In such stem cell therapy, the stem cells are injected into the damaged area. Here they divide to form fully differentiated replacement cells, restoring the function of the organ.
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STUDY TIP


In vitro means ‘in glass’ - i.e. in a test tube or culture dish rather than in the living organism. You can find out more about tissue culture in Section 7.6.
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Current sources of therapeutic stem cells are human embryos (often discarded as part of IVF treatments) and umbilical cords of newborns. This creates an ethical dilemma: would it be ethical to create an embryo specifically to provide stem cells for a patient? One solution to this dilemma is to remove some adult (differentiated) cells from the patient and chemically trigger these cells (cultivated in a petri dish) to become stem cells (‘induced’ stem cells). These induced stem cells could then be reintroduced to the patient’s body to help their problem.


There is another reason for caution with using stem cell therapy – once the cells have been injected into the patient they are expected to divide and grow and differentiate under the influence of the natural chemical signals of the body. If they do not respond to these chemical signals in the body, and continue to reproduce, then the stem cell therapy treatment might lead to cancer.


It is hoped that, in the near future, induced adult stem cells in tissue culture could be chemically triggered into forming whole replacement parts for a patient (e.g. retina, skin, etc.). If the induced stem cells are developed from adult cells removed from the patient, then a whole replacement organ, grown outside the body in tissue culture (in vitro), might be transplanted into the patient without any risk of rejection by the patient’s immune system.
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PRACTICAL


This activity allows you to see some cells in the leaf of a simple plant. These cells are filled with green chloroplasts that give plant leaves their colour. The cells of a moss leaf form a single layer, which helps to make it easy to see the contents. Another source of a single sheet of plant cells (large cells, without chloroplasts) is onion epidermis. Onion cells can also be a useful way to observe the effects of osmosis (see Section 1.5).
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Practical activity – making a slide to observe moss leaf cells





1  Using fine forceps, carefully pull a single moss leaf (or two) from the shoot of a moss plant.



2  Place the whole leaf in a drop of water on a microscope slide, making sure that the leaf is not folded.



3  Add a second drop of water on top of the leaf.



4  Add a coverslip carefully to the slide, lowering it slowly so as to avoid trapping bubbles.



5  Examine the slide using a microscope and note the shape of the cells and their contents.
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Practical activity – making a slide to observe starch in potato cells


Starch is stored in potatoes and can be observed with a microscope. Iodine solution goes blue–black when starch is present.





1  Take a whole potato and use a knife to cut a small block of potato from it. Then cut a tapering wedge from the block of potato tissue.



2  Cut a tiny slice from the thin edge of the wedge. (You could use a potato peeler.) Mount this in a drop of water on a microscope slide and add a coverslip.



3  Examine the slide using a microscope. Starch grains should be visible in the cells as clear grains.



4  Add a few drops of iodine solution to the edge of the coverslip. Use a paper towel to draw the iodine solution across the specimen, as shown in Figure 1.8. The starch grains should now be visible inside the cells and are a blue–black colour. This shows that they are starch.
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PRACTICAL


This practical activity allows you to view some cells and if you stain with a drop of iodine solution, you can see starch grains (blue) and cellulose cell walls (colourless) side by side – two large molecules that are polymers of glucose (see Section 1.4).


Remember to wear eye protection.
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Practical activity – making a slide to observe human cheek cells


Make sure you follow correct Health and Safety regulations.





1  Using the tip of a cotton bud (or clean wooden spatula), rub the inside lining of your cheek. Thousands of cheek cells rub off onto the cotton bud.



2  Rub the cotton bud over the central part of a clean microscope slide. This transfers hundreds of the cheek cells onto the glass.



3  Add a drop of stain, such as methylene blue. Lower the coverslip and avoid trapping bubbles of air in the stain.



4  Examine the slide using a microscope. The cheek cells should be visible (the colour depends on the stain used). After the experiment, place your cotton bud and slide into disinfectant; do not touch anyone else’s.
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PRACTICAL


This practical activity lets you see some human cells, but make sure you follow correct Health and Safety procedures. This practical works well using methylene blue as a stain.
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PRACTICAL


Modern smart phones can be used to record high quality photographs, or video clips, directly from the microscope eyepiece. Focus the microscope image as usual for your eye, then replace your eye with the camera lens of the smart phone, held flat against the eyepiece. Adjust the zoom function of the camera to adjust the size of the image, so that the image is focused clearly. Adjust the focus control on the microscope if needed. Then select the photograph or video button on your phone camera.
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STUDY QUESTION





1  a)  Draw and label a typical plant and a typical animal cell.


    b)  Below are two lists of some different types of specialised plant and animal cells for you to compare with the generalised cells you have drawn in part (a). Draw diagrams of each of the cells in the lists. Label the diagrams and write down any special features of these cells that link them to the functions they carry out.





You may need to look in other parts of this book. Add more types to the lists if you can find them.
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1.4 Biological molecules


What living organisms are made of


If the human body is broken down into its basic elements, it is made up mainly of the following atoms:





•  oxygen 65%




•  carbon 18%




•  hydrogen 10%




•  nitrogen 3%




•  calcium 1.5%




•  phosphorus 1.2%.
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Other elements, including potassium, sulfur and iron, contribute to the remaining 1.3% of the mass of the human body. The proportions of elements present in the cells of all living organisms, ranging from bacteria to whales and giant redwoods, are much the same. This is because, at the biochemical level, all life forms are made from the same groups of compounds – carbohydrates, proteins, lipids, nucleic acids – with mineral ions and water.
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All of the elements listed are abundant in rocks and other non-living materials. How can they be bonded together to form the thousands of compounds that are only found in living organisms? There are many other abundant elements in the rocks of planet Earth, such as silicon and aluminium, so why do these play no part in the formation of biological compounds? How do the chemicals in the bottles on the shelf become organised into a ribonuclease molecule (shown as the model) and finally become part of a working human cell (in the third image)? How do these biological molecules work together to provide the special features we recognise in living organisms?
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The large molecules in living organisms


Carbon atoms can link to each other and are at the heart of most biological molecules. The term ‘organic’ (carbon containing) is used to describe these large biological molecules. Table 1.3 summarises information about three important types of large molecule of living organisms. They all contain the elements carbon (C), hydrogen (H) and oxygen (O). The table summarises the basic units (building blocks) of each kind of molecule and gives some examples.
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Carbohydrates


Carbohydrates contain the elements carbon, hydrogen and oxygen, in the ratio 1C : 2H : 1O. You can see these proportions in the formula for glucose: C6H12O6. Simple sugars can join together to form larger molecules, such as disaccharides and polysaccharides; some examples are described below.
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Glucose (C6H12O6) – a monosaccharide


Glucose is an important simple sugar. It is a monosaccharide (‘mono’ = ‘one’ and ‘saccharide’ = ‘sugar’) and contains six carbon atoms. In plants, glucose molecules are formed by photosynthesis. Humans obtain glucose from digested food. Glucose is used for respiration by all living cells, when it is broken down to carbon dioxide and water in aerobic respiration. The energy in the bonds between the carbon atoms in the glucose molecule is released by respiration, and then used to do work in the respiring cell.



Maltose and sucrose – two disaccharides


Maltose is made up of two glucose molecules joined together. When starch is digested it breaks down into maltose. Sucrose is made up of a glucose and a fructose molecule joined together. (Fructose is also a monosaccharide.)
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STUDY TIP


Check the important role played by glucose in respiration (Section 2.3) and photosynthesis (Section 2.1).
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Starch and glycogen – two polysaccharides


Both of these polysaccharides are made up of many glucose units. Glucose molecules can be stored inside cells in one of these large molecules, rather than being used straight away.




[image: ]


STUDY TIP


Maltose can be used as an example of digestion – see human digestion (in Section 2.2) and in seed germination (Section 5.2).
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In plant cells, glucose is stored as a polysaccharide (polymer) called starch. Millions of glucose molecules are linked up in a three-dimensional network to create a solid granule of starch inside the plant cells. This is an efficient way of storing the glucose in a small space. It has the added advantage that the starch granule is insoluble in water. This means that the stored sugar cannot be easily washed away and has no osmotic effect within the cell. The starch present in plant foods forms a major part of the human diet, providing an important source of energy.
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STUDY TIP


Make sure you understand why it is important for the plant that starch has no osmotic effect (see osmosis in Section 1.5).
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In animal cells glucose is stored as a polysaccharide called glycogen. Like starch, glycogen is insoluble. Glycogen forms smaller granules than starch. This means it can quickly be broken down again to glucose when needed. Glucose that is absorbed into your blood from a digested meal is temporarily stored in your liver as glycogen. These reserves of glycogen are released between meals, whenever the concentration of glucose in the blood begins to fall below normal.
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STUDY TIP


Make a link to insulin and regulation of blood glucose in Section 4.5.
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Cellulose – another polysaccharide


Plant cell walls are composed of a polysaccharide called cellulose. Cellulose is made up of interlinked chains of thousands of glucose molecules. These chains become twisted together to form strong fibres that wrap around the plant cell, providing it with support.
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STUDY TIP


Look in Section 2.2 for more details about the human diet.


Make a link to xylem and its functions in Section 3.4.
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Much of the total mass of a plant is composed of cellulose and this makes an important contribution to dietary fibre in the human diet. We do not have enzymes that can digest cellulose, so it is not broken down in our guts. Many animals that feed on plants (herbivores) have symbiotic bacteria in their intestines and these bacteria digest the plant cellulose for them.


In woody plants the cellulose cell walls of some tissues (such as xylem vessels) become reinforced by another, stiffer substance called lignin. The paper of this book and your exercise book is made from wood pulp, so your ink is being drawn into the cellulose and lignin fibres of trees. Globally, the biomass of plants is greater than the biomass of everything else, and thus the most abundant organic substance on the planet is cellulose.
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PRACTICAL


These tests are carried out on solutions. Pieces of solid food must first be ground down into a sample solution with water (often using a mortar and pestle). Make sure that some of the solid food material is dissolved in the water. The watery solution is then tested for the presence of specific substances, such as glucose, starch and protein.


[image: ]





Testing for glucose and for starch


You can carry out simple tests in the laboratory to detect glucose and starch. These are described in more detail in the following practical activities. To summarise briefly:





•  test for glucose using Benedict’s solution – heat the solution and a reddish colour develops if glucose is present



•  test for starch using iodine solution – a blue–black colour develops if starch is present.





Practical activity – testing for glucose in a solution





1  Place 5 cm3 of the sample solution to be tested in a test tube. Add several drops of Benedict’s solution.



2  Place the test tube(s) in a beaker of boiling water for 5 minutes.



3  Observe the colour of the solution in the test tube, as shown in Figure 1.15.
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PRACTICAL


The tests for glucose and for starch are important to illustrate how to test food or other material for the presence of these molecules. The tests can also be used to follow progress of enzyme reactions – for example, the disappearance of starch in the presence of the enzyme amylase, or the production of glucose in a similar reaction. You can also use these reactions and tests to find out how enzymes are affected by changes in temperature or pH.


Remember to wear eye protection.
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Pale blue (no change in colour of the Benedict’s solution) shows no glucose is present. A colour ranging from yellow through orange to brick red shows glucose is present. Red indicates more glucose than the yellow or orange colours. Sometimes a precipitate forms at the bottom of the tube.





[image: ]




Practical activity – testing for starch in a solution





1  Place 5 cm3 of the sample solution to be tested in a test tube. Add several drops of iodine solution.



2  Observe the colour of the solution in the test tube.







[image: ]


PRACTICAL


Remember to wear eye protection.
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Pale yellow (no change in colour of the iodine solution) shows no starch is present. A blue–black colour shows starch is present.
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Proteins



All proteins are composed of a chain of amino acids. There are many thousands of different kinds of proteins found in a living cell. Yet all are made using just 20 different amino acids. The extraordinary variety of proteins is possible because each different protein is made of a unique sequence of amino acids, linked together in the chain.


A small protein may be made of a chain containing a hundred amino acids. Larger proteins might contain two or three hundred amino acids. When a protein is made, the chain is folded and twisted to give the molecule a specific overall shape. The shape of a protein determines its biological properties. A protein may, for example, be an enzyme (e.g. amylase), part of a skin flake (e.g. keratin), a carrier of oxygen (e.g. haemoglobin) or a structural substance (e.g. collagen in bones and ligaments).
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STUDY TIP


You can find more details about the nitrogen cycle in Section 6.3.
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Green plants make amino acids by using the nitrate ions that they absorb from the soil. They use the nitrates to provide the element nitrogen, which forms an essential part of each amino acid. Animals, fungi and bacteria get their amino acids by digesting the proteins of the organisms they eat.
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STUDY TIP


Look in Section 2.2 for more details about the human diet.
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Amino acids are not stored in the body of humans, so to remain healthy an adult person must eat at least 4 g of protein in their diet every day in order to replace proteins lost from the body by processes such as shedding skin flakes.
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STUDY TIP


You can find out more about protein structure and protein synthesis in Section 5.4.
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Practical activity – testing for protein





1  Place 5 cm3 of the sample solution to be tested in a test tube. Add several drops of Biuret reagent.



2  Observe the colour of the solution in the test tube.
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PRACTICAL


Remember to wear eye protection.
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Pale blue (no change from the initial mixture of the reagent and the sample) indicates no protein is present. A pink / violet colour indicates that protein is present in the sample.



Lipids (fats and oils)



Lipids are made from a molecule called glycerol plus three attached fatty acids. The fatty acids can vary, giving different types of lipid. Some lipids are liquid (at normal temperatures) and these are described as oils, whereas others are solid and are described as fats. Lipids are substances that do not mix with water – we describe them as ‘hydrophobic’ (‘hydro’ = ‘water’ and ‘phobic’ = ‘dislike or fear’).


Cell membranes are composed largely of lipids, a factor that helps the cell to control the materials that can cross the membrane to enter or leave the cell.


Another important use of lipids is as a means of storing chemical energy in the body. In plants and animals, lipids provide a very efficient means of storing energy, which can then be used when food is scarce. During times when the diet of an animal contains excess energy, adipose (fat) cells swell up with additional lipid, and shrink again when the diet contains too little energy. When the human body needs to use stored energy, the lipids in the adipose tissue are broken down to glycerol and fatty acids. The fatty acids are transported in the blood from adipose tissue to respiring tissues in the body.


In humans, these adipose cells are found just under the skin. This layer of adipose tissue provides insulation for the human body, helping to conserve body heat. It also helps to protect the body from damage by acting as a cushion or ‘shock absorber’.
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Practical activity – testing for fat (or oil)


Emulsion test





1  Grind up some food particles (with a dry mortar and pestle).



2  Add a level teaspoonful to a test tube.



3  Add 3 cm3 ethanol to the test tube.



4  Stopper the test tube with a bung and shake it well.



5  Leave the test tube in a test tube rack until the particles have settled. This allows the lipids to dissolve in the ethanol.



6  Strain the ethanol solution off into another test tube. (Leave the food debris behind.)



7  Add 3 cm3 of water to the ethanol solution.



8  Observe the appearance of the mixture in the test tube.





A clear solution means no lipids are present in the food sample. A milky emulsion (cloudy white) indicates that lipids are present in the food sample.


Grease spot test


Simply rub a dry, solid piece of food, such as a piece of nut, against a piece of paper. If the food contains lipids, then the place where the paper is rubbed becomes more translucent (lets light shine through) than the rest of the paper.


Buoyancy test


Pure oil (such as olive oil) is less dense than water, so forms a layer that floats on top of the water – something easy to see if water and oil are mixed in a test tube.


Water


Water is the most abundant molecule in all living cells. A human living cell contains 70% water by mass and a lettuce leaf cell more than 90% water (mostly in the vacuole). Water is, therefore, an important constituent of cytoplasm. Substances found in living organisms are dissolved in water inside the cytoplasm, between cells and inside transport systems. Water can act as a lubricant, for example in peristalsis.
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STUDY TIP


Make links to Section 3.6 for transport in humans and Section 3.4 for transport in plants.
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Water forms the basis of the liquids for transport – for example, the blood, which is pumped around the body in vessels by a muscular organ such as the heart in animals. In plants, in xylem vessels, the water molecules form an unbroken column with each molecule clinging to its neighbours by cohesion. This means that a pull at one end of the column is transmitted along the whole column and this is how water can be pulled up xylem vessels.
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STUDY TIP


Check the role of water in digestion of food (Section 2.2) and germination of seeds (Section 5.2) then look in Section 2.3 for reactions of respiration and Section 2.1 for photosynthesis.
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Water also participates in many biochemical reactions – large molecules (macromolecules) are broken down by the addition of water (hydrolysis) or are joined together by the removal of water (condensation). In addition, the respiration of sugars (see Section 2.3) results in the formation of water, and water plays a central part in the reaction with carbon dioxide during the production of sugar in photosynthesis.


The growth of plants requires lots of water, much of which forms the cell sap in the plant cell vacuole. A swollen vacuole pushes the cytoplasm against the cell wall, making the cell turgid, and giving support to plant tissues.
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STUDY TIP


Make a link with Section 1.5 to see how water helps make plant cells turgid.


[image: ]






Enzymes


Chemical reactions inside living organisms are known as metabolic reactions. Nearly every metabolic reaction is catalysed by an enzyme, so enzymes are often described as biological catalysts. Enzymes speed up the rate of a metabolic reaction – it might otherwise be so slow that it does not occur (at the temperature inside living cells). As with other catalysts, enzymes are not permanently changed by the reaction. Enzymes are proteins and some of their properties are linked to their protein structure.


We can represent a series of enzyme reactions as follows:
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A and B are the substrates (the molecule or molecules being acted on or that are reacting), C and D are the products. E and F may be the products of a second, linked reaction (part of a pathway of reactions). A different enzyme catalyses each of the steps, as shown by the arrows.


Each enzyme has a particular fold on its surface (known as the active site). This is where the molecules involved in the reaction (the substrates) meet. The shape of the active site precisely fits one substrate and no other.


When the substrates meet at the active site, they react to form the products of the reaction. The active site of an enzyme catalyses the reaction by lining up the substrate molecules so they are in the right position to exchange atoms with each other. This means that a reaction can occur without the need, for example, for additional heating.


Once the products of the reaction have formed, they are released from the active site, and they are replaced by another set of substrate molecules. The enzyme is unchanged by the process, so the process can be repeated over and over again, sometimes hundreds of times a second.
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The product of one enzyme-catalysed reaction inside a cell usually becomes the substrate for another enzyme reaction, and so on. Substances (metabolites) are modified in different ways by a series of enzymes, as they pass along a metabolic pathway. Examples of metabolic pathways include photosynthesis and cellular respiration – even though we summarise these processes as simple equations, the actual pathways for both processes involve a series of reactions.
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Figure 1.8 Making a slide to observe starch in potato cells.
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Figure 1.16 Testing for starch in a solution.
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Figure 1.15 Testing for glucose in a solution.
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Figure 1.9 Preparing a slide of human cheek cells to look at under a light microscope.
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Figure 1.5 Diagram of a palisade mesophyll cell, cutin longitudinal section and showing the
structures of the cell. Compare this with the microscope view (Figure 1.4).
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Table 1.1 Differences between plant and animal cells.
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Figure 1.1 Features of a generalised plant cell (left) and generalised animal cell (right). The
mitochondia are organelles where aerobic respiration takes place and are found
in both plant and animal cells.
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Figure 1.17 Building amino acids into a protein.
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Figure 1.10 In this model of a glucose
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Figure 1.13 Diagram showing starch
granules inside a potato cell similar to the
mage in Figure 1.11.





