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Get the most from this book

Welcome to the Edexcel A level Biology 1 Student’s Book. This book covers Year 1 of the Edexcel A level Biology specification and all content for the Edexcel AS Biology specification.

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

Key terms and formulae

These are highlighted in the text and definitions are given in the margin to help you pick out and learn these important concepts.

Examples

Examples of questions and calculations feature full workings and sample answers.

Test yourself questions

These short questions, found throughout each chapter, are useful for checking your understanding as you progress through a topic.

Activities and Core practicals

These practical-based activities will help consolidate your learning and test your practical skills. Edexcel’s Core practicals are clearly highlighted.

In this edition the authors describe many important experimental procedures to conform to recent changes in the A level curriculum. Teachers should be aware that, although there is enough information to inform students of techniques and many observations for exam purposes, there is not enough information for teachers to replicate the experiments themselves, or with students, without recourse to CLEAPSS Hazcards or Laboratory worksheets which have undergone a risk assessment procedure.

Exam practice questions

You will find Exam practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and are colour coded to highlight the level of difficulty. Test your understanding even further with Maths questions and Stretch and challenge questions.

Tips

These highlight important facts, common misconceptions and signpost you towards other relevant topics.

Dedicated chapters for developing your Maths and Preparing for your exam are also included in this book.


Introduction

Welcome to Edexcel A level Biology 1. This book has been written to cover the content of the first year of the Pearson Edexcel Level 3 Advanced GCE in Biology B (9BI0). Since the subject content is the same, it also covers the content of the Pearson Edexcel Level 3 Advanced Subsidiary GCE in Biology B (8BI0).

The first twelve chapters of this book cover the essential concepts, facts, principles and terminology of the four Biology topics in the AS qualification and the first year of A level course. The final chapters contain advice about developing skills that are assessed in your final examinations. Since you will need to put into practice the principles they contain, you are advised to read these final chapters at the start of your course. You will also find it useful to dip into them during the course, especially when preparing your examination strategy.

The biological content of each chapter has been written to ensure you cover everything that you can be expected to recall with understanding in your examinations. To help you and to encourage you to take an active part in your learning, the chapters contain the following features.


•  Clear definitions of technical terms that you will be expected to understand and use correctly.

•  Tips that offer reminders, hints or warnings.

•  Regularly spaced Test yourself questions that encourage recall and understanding.

•  Activities that encourage you to apply your knowledge, analyse information and make judgements.



At the end of each chapter you will find a series of Exam Practice Questions. By simulating the types of questions that you will encounter in your examinations, these questions will help you to develop, and maintain, the skills that will be assessed. To help you further, these questions have been graded to indicate their accessibility level (•= AS/A level grade E–C, •= AS grade C–A/A level grade C and • = AS grade A/A level grade C–A). In addition, each chapter contains Stretch and challenge questions. Some of these are similar to questions in an A level paper that are targeted at the more able students. Others encourage you to use the learning resource centre in your college or school to carry out further research. Don’t feel you have to do this alone; group research will develop your skills and can be more satisfying than working alone.

Practical work is an essential part of science. The Edexcel Biology specification contains core practicals that you are expected to carry out and on which you can be tested in examinations. This book covers these core practicals in a way that will encourage you to think about what you are doing, make comments on, or develop practical procedures, analyse results and make judgements. Again, these are all skills that can be assessed in your examinations.

Above all else, Biology is a fascinating subject which we hope you enjoy. We hope that some of our own enjoyment of Biology is reflected in this book and in the supporting material.
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1 Introducing the chemistry of life
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Prior knowledge

In this chapter you will need to recall that:


•  carbohydrates contain the chemical elements carbon, hydrogen and oxygen in the ratio Cx(H2O)y

•  carbohydrates include simple sugars, such as glucose, and complex carbohydrates, such as cellulose and starch

•  simple sugars are used in respiration; complex carbohydrates might be glucose stores (starch) or structural components of cells (cellulose)

•  lipids also contain the chemical elements carbon, hydrogen and oxygen, but there is much less oxygen in lipids than in carbohydrates

•  lipids can be useful storage compounds and can also be structural components of cells

•  inorganic ions are present in the cytoplasm of cells and in body fluids; each type of ion has a specific function

•  water is essential for life and most of the mass of an organism comprises water

•  water is a reactant in many cell reactions; these reactions also occur in solution in water.
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Test yourself on prior knowledge


 1 Give one way in which the composition of a carbohydrate molecule is similar to that of a lipid and one way in which it is different from that of a lipid.

 2 Name one type of carbohydrate used for energy storage in an animal and one used for energy storage in a plant.

 3 How do animal lipids differ from plant lipids at room temperature?

 4 Give two functions of lipids.

 5 Calcium ions are essential for healthy growth in animals and plants. Give one function of calcium ions in humans and one function of calcium ions in plants.

 6 In cells, water is a reactant in hydrolysis reactions and in condensation reactions. Describe the difference between these two types of reaction.
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Some basic concepts

Chemical elements are the units of pure substance that make up our world. The Earth is composed of about 92 stable elements; living things are built from some of them. Table 1.1 shows a comparison between the most common elements in the Earth’s crust and in us. You can see that the bulk of the Earth is composed of the elements oxygen, silicon, aluminium and iron. Of these, only oxygen is a major component of our cells.
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In fact, about 16 elements are required to build up all the molecules of the cell, and are therefore essential for life. Consequently, the full list of essential elements is a relatively short one. Furthermore, about 99 per cent of living matter consists of just four elements: carbon, hydrogen, oxygen and nitrogen.

The elements carbon, hydrogen and oxygen predominate because living things contain large quantities of water, and also because most other molecules present in cells and organisms are compounds of carbon combined with hydrogen and oxygen, including the carbohydrates and lipids. We will examine the structures and roles of carbohydrates and lipids shortly.

The element nitrogen is combined with carbon, hydrogen and oxygen in compounds called amino acids, from which proteins are constructed (Chapter 2). First, we will introduce some inorganic ions essential for organisms, and then discuss water.

Atoms, molecules and ions

The fundamental unit of chemical structure is the atom. Atoms group together to form molecules and molecules are the smallest part of most elements or compounds that can exist alone under normal conditions. For example, both oxygen and nitrogen naturally combine with another atom of the same type to form a molecule (O2 and N2, respectively).

If an atom gains or loses an electron, an ion is formed. Depending on their charge, ions migrate to the poles of an electric field. Positively charged ions migrate to the negative pole (cathode) and so are called cations. In contrast, negatively charged ions migrate to the positive pole (anode) and so are called anions.

Acids and bases

An acid is a compound that releases hydrogen ions in solution. We are familiar with the sharp taste that acids such as lemon juice or vinegar give to the tongue. These are relatively weak acids, weak enough to use on foods. The stronger the acid the more dangerous and corrosive it is, and the more hydrogen ions it releases. An example of a strong acid is hydrochloric acid. In water, this acid dissociates completely. The word dissociate means ‘separates into its constituent ions’:
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[image: ]

Key terms

Atom The smallest part of an element that can take part in a chemical change.

Ions Charged particles formed when atoms gain or lose electrons. Cations are positively charged, whereas anions are negatively charged.

Acid A compound that releases hydrogen ions in solution. Acidic solutions have a pH value below 7.
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With organic acids such as citric acid (present in lemon juice) and ethanoic acid (found in vinegar), which we recognise as weak acids, relatively few molecules dissociate, and few hydrogen ions are present:

[image: ]

A base is a compound that can take up hydrogen ions in solution. In doing so it can neutralise an acid, forming a salt and water in the process. Many bases are insoluble in water. Those that are soluble in water are called alkalis. Examples of strong bases (that are also alkalis) are sodium hydroxide and potassium hydroxide. Strong alkalis, like strong acids, are completely dissociated in water:
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Key term

Base A compound that can take up hydrogen ions in solution. Basic solutions have a pH value above 7.
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Tip

Remember when dealing with logarithmic values that a value of 2 (log10 100) is ten times greater than a value of 1 (log10 10), not two times greater.
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pH and buffers

pH is a measure of the acidity or alkalinity of a solution. Strictly, pH is a measure of the hydrogen ion concentration. Since these concentrations involve a very large range of numbers, the pH scale uses logarithms:
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The pH value of pure water is 7. A solution with a pH value less than 7 is acidic; strong acids have a pH value of 0 to 2. A solution with a pH value more than 7 is alkaline; strong alkalis have a pH value of 12 to 14.

pH can be measured experimentally, either using an indicator solution or a pH meter. For example, universal pH indicator is a mixture of several different indicators, and changes colour with the pH, as shown in Figure 1.1.
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pH is very important in living organisms, largely because pH affects the shape of enzymes, almost all of which are proteins (page 34). In a mammal’s body there are mechanisms that stabilise pH at a value just slightly above pH 7.0. If the pH varies much from this value this lack of stabilisation is quickly fatal. For plants that obtain essential mineral ions from the soil solution, the pH of the soil affects the availability of the ions for absorption.

A buffer solution is one that will resist pH change when diluted, or if a little acid or alkali is added. Many buffers used in laboratory experiments contain a weak acid (such as ethanoic acid and one of its soluble salts, for example sodium ethanoate). In this case, if acid is added, the excess hydrogen ions are immediately removed by being combined with ethanoate ions to form undissociated ethanoic acid. Alternatively, if alkali is added, the excess hydroxyl ions immediately combine with hydrogen ions, forming water. At the same time, more of the ethanoic acid dissociates, adding more hydrogen ions to the solution. The pH does not change in either case.
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Key term

Buffer solution A solution that resists changes in pH; usually a mixture of a weak acid and one of its soluble salts.
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In the body of a mammal, the blood is very powerfully buffered by the presence of a mixture of phosphate ions, hydrogencarbonate ions and blood proteins (page 226). The blood is held between pH 7.35 and 7.45.
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Test yourself


 1 Distinguish between a sodium atom and a sodium ion.

 2 A pH value is calculated as −log10 hydrogen ion concentration. By how many times is the concentration of hydrogen ions in a solution with a pH value of 2 greater than one with a pH value of 8?

 3 Explain the importance of using buffer solutions during investigations into the rate of enzyme-controlled reactions.

 4 Explain the meaning of the term dissociation.

 5 Explain why a positively charged ion is called a cation.
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Inorganic ions used by plants

Metabolism involves a range of inorganic ions, in addition to those mentioned above. Table 1.2 shows four inorganic ions whose roles in plants you are required to know.
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Key term

Metabolism All the chemical reactions that occur within an organism.
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Water

Living things are typically solid, substantial objects, yet water forms the bulk of their structures – between 65 and 95 per cent by mass of most multicellular plants and animals (about 80 per cent of a human cell consists of water). Despite this, and the fact that water has some unusual properties, it is a substance that is often taken for granted. Water is composed of atoms of the elements hydrogen and oxygen. One atom of oxygen and two atoms of hydrogen combine by sharing of electrons in an arrangement known as a covalent bond (see Figure 1.2). The large nucleus of the oxygen atom draws electrons (negatively charged) away from the smaller hydrogen nuclei (positively charged) with an interesting consequence. Although overall the water molecule is electrically neutral, there is a weak negative charge (represented by δ−) on the oxygen atom and a weak positive charge (represented by δ+) on each hydrogen atom. In other words, the water molecule carries an unequal distribution of electrical charge within it. This arrangement is known as a polar molecule.
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Key terms

Covalent bond A relatively strong chemical link between two atoms in which electrons are shared between them.

Polar molecule A molecule that contains weak positive charges (represented by δ+) and weak negative charges (represented by δ−)
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Hydrogen bonds

The positively charged hydrogen atoms of one molecule are attracted to negatively charged oxygen atoms of nearby water molecules by forces called hydrogen bonds. These are weak bonds compared with covalent bonds, yet they are strong enough to hold water molecules together. This is called cohesion; it not only attracts water molecules to each other but also to another charged particle or charged surface. In fact, hydrogen bonds largely account for the unique properties of water, which are examined next.
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Key terms

Hydrogen bond A relatively weak link between two atoms in which a weakly negative atom attracts another weakly positive atom.

Cohesion The force by which hydrogen bonds hold polar molecules together, or to a charged surface.



Solvent properties of water

Because water molecules are polar, water is a powerful solvent for other polar substances (Figure 1.3). These include:


•  ionic substances like sodium chloride (Na+ and Cl−). All ions become surrounded by a shell of orientated water molecules (Figure 1.3)

•  carbon-containing (organic) molecules with ionised groups, such as the carboxyl group (–COO−) and amino group (–NH3+). Soluble organic molecules like sugars dissolve in water due to the formation of hydrogen bonds with their slightly charged hydroxyl groups (–OH−).



Once they have dissolved, the solute molecules are free to move around in water (the solvent) and, as a result, are more chemically reactive than when in the undissolved solid state.

Polar substances that can dissolve in, or mix in, water are termed hydrophilic (water-loving). On the other hand, non-polar substances are repelled by water, as in the case of oil on the surface of water. Non-polar substances are hydrophobic (water-hating).
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Key terms

Hydrophilic Refers to substances that will mix with water.

Hydrophobic Refers to substances that will not mix with water.
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High specific heat capacity of water

A lot of heat is required to raise the temperature of water. This is because heat is needed to break the hydrogen bonds between water molecules. This property of water is its specific heat capacity. The specific heat capacity of water is extremely high (4.184 kJ kg−1 °C−1). Consequently, the temperature of aquatic environments like streams and rivers, ponds, lakes and seas is very slow to change when the surrounding air temperature changes. Aquatic environments have much more stable temperatures than do terrestrial (land) environments.


[image: ]

Tip

The specific heat capacity of water given in the text is 4.184 kJ kg−1 °C−1. You need to be confident in using compound units. In this case, the unit means that it takes 4.184 kJ of heat to increase the temperature of 1 kg of water by 1 degree Celsius.
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Another consequence is that the temperature of cells and the bodies of organisms does not change readily. Bulky organisms, particularly, tend to have a stable temperature in the face of a fluctuating surrounding temperature, whether in extremes of heat or cold.

Surface tension of water

Compared with other liquids, water has extremely strong adhesive and cohesive properties.

As we saw earlier, cohesion is the force by which charged molecules stick together. Water molecules are held together by hydrogen bonding. In practice, these bonds continually break and reform with other surrounding water molecules but, at any one moment, a large number are held together by their hydrogen bonds.

At an air–water interface, cohesion between water molecules results in surface tension. The outermost molecules of water form hydrogen bonds with water molecules below them. This gives a very high surface tension to water, which you can see being exploited by the pond skater in Figure 1.4. This insect has a waxy cuticle that prevents wetting of its body and its mass is not great enough to break the surface tension of the water.


[image: ]


Incompressibility of water

Water is essentially incompressible. Incompressibility is a common property of liquids but water is especially so. There is much less distance between the molecules in a liquid than in a gas, and the intermolecular force of the hydrogen bonds aids this property. Because of this incompressibility, a water-filled cavity within an organism can act as a hydrostatic skeleton.

Maximum density of water at 4 °C

Most liquids contract on cooling, reaching maximum density at their freezing point. Water is unusual in reaching its maximum density at 4 °C (Figure 1.5). So as water freezes, the ice formed is less dense than the cold water around it. As a consequence, ice floats on top of very cold water. The floating layer of ice insulates the water below. The consequence is that lakes rarely freeze solid; aquatic life can generally survive freezing temperatures.
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Test yourself


 6 Suggest what symptoms would be shown by a plant growing in magnesium-deficient soil. Explain your answer.

 7 What is meant by the term metabolism?

 8 The text includes five properties of water that make it essential in biology. Use your knowledge of metabolism to suggest a sixth property.

 9 Water that evaporates from the leaves of a flowering plant is replaced when a water column is pulled up the plant in xylem tissue. This water column is under negative pressure (tension). Explain why this does not cause the water column to break.

10 Explain why the pond skater shown in Figure 1.4 can walk on water but you cannot.
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Introducing the carbon of organic compounds

Carbon is a relatively uncommon element of the Earth’s crust but, as Table 1.1 showed, in cells and organisms it is the third most abundant element. The majority of the carbon compounds found in living organisms are relatively large molecules in which many carbon atoms are linked together and to hydrogen and oxygen atoms by covalent bonds. They are known as organic compounds.
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Key term

Organic compound A compound in which carbon atoms are linked by covalent bonds to each other and to hydrogen molecules. The molecules of organic compounds can be very large and can exist as chains or rings of carbon atoms.
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Some carbon-containing compounds are not like this – for example, the gas carbon dioxide (CO2) and hydrogencarbonate ions (HCO3−) are not organic forms of carbon.

The properties of carbon

Carbon has remarkable properties. It has a relatively small atom, but it is able to form four strong, stable, covalent bonds. As you can see in Figure 1.6, these bonds point to the corners of a regular tetrahedron (a pyramid with a triangular base). This is because the four pairs of electrons that form the covalent bonds repel each other and so position themselves as far away from each other as possible.

Carbon atoms are able to react with each other to form extended chains. The resulting carbon ‘skeletons’ can be straight chains, branched chains or rings. Carbon also bonds covalently with other atoms, such as oxygen, hydrogen, nitrogen and sulfur, forming different groups of organic molecules with distinctive properties.


[image: ]


One inevitable outcome of these features is that there are vast numbers of organic compounds – more than the total of known compounds made from other elements, in fact. Biologists think the diversity of organic compounds has made possible the diversity of life. Fortunately, very many of the organic chemicals of living things fall into one of four discrete groups or ‘families’ of chemicals with many common properties, one of which is the carbohydrates. We will consider this family of molecules first before looking at a second family, the lipids.

Carbohydrates

Carbohydrates include sugars, starch, glycogen and cellulose. They contain only three elements: carbon, hydrogen and oxygen, in the ratio Cx(H2O)y. Table 1.3 summarises features of the three types of carbohydrates you should recognise.
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Monosaccharides – the simple sugars

Monosaccharides are carbohydrates with relatively small molecules. They are soluble in water and taste sweet. In biology, glucose is an especially important monosaccharide because:


•  all green leaves manufacture glucose using light

•  all cells use glucose in respiration – we call it one of the respiratory substrates.



The structure of glucose

Glucose is a hexose, i.e. it has a molecular formula of C6H12O6. This type of formula tells us what the component atoms are, and the numbers of each in the molecule. But the molecular formula does not tell us how these atoms are arranged within a molecule. You can see in Figure 1.7 that glucose can be written on paper as a linear molecule. It does not exist in this form because, as you saw in Figure 1.6, the four bonds in each of its carbon atoms are arranged into a tetrahedron; the molecule cannot be ‘flat’. Rather, glucose is folded, taking a ring or cyclic form. Figure 1.7 also shows the structural formula of glucose.

The carbon atoms of an organic molecule can be numbered. This allows us to identify which atoms are affected when the molecule reacts and changes shape. For example, as the glucose ring forms, the oxygen on carbon atom 5 (carbon-5) becomes linked to that on carbon atom 1 (carbon-1). As a result, the glucose ring contains five carbon atoms and an oxygen atom; again, you can see this in Figure 1.7.
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Isomers of glucose

Molecules with the same molecular formula but different structural formulae are known as isomers. Many organic compounds exist in isomeric forms, and so it is often important to know the structure of an organic compound as well as its composition.
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Key terms

Molecular formula Shows the nature and number of atoms in a molecule, for example C5H10O5.

Structural formula Shows the way in which the atoms within a molecule are arranged in space.

Isomers Two or more different structural formulae of the same molecular formula.
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In the ring structure of glucose the positions of –H and –OH that are attached to carbon-1 can lie in one of two directions, giving rise to two isomers, known as alpha-glucose (α-glucose) and beta-glucose (β-glucose). You can see these isomers in Figure 1.8. The significance of the differences between them will become apparent when we compare the structures of starch, glycogen and cellulose (pages 13–16).
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A test for the presence of glucose, a ‘reducing sugar’

Glucose and some other sugars are known as ‘reducing sugars’. This is because, when they are heated with an alkaline solution of copper(II) sulfate (a blue solution, called Benedict’s solution), the carboxyl group (–COOH) that their molecule contains (known as an aldehyde group) reduces Cu2+ ions of copper(II) sulfate to Cu+ ions, which then form a brick-red precipitate of copper(I) oxide. In the process, the aldehyde group is oxidised to a carbonyl group (–C=O).

This reaction is used to test for reducing sugar, and is known as Benedict’s test (Figure 1.9). If no reducing sugar is present the solution remains blue after heating. The colour change observed depends on the concentration of reducing sugar. The greater the concentration the more precipitate is formed, and the more the colour changes:
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Other monosaccharides of importance in living cells

Glucose, fructose and galactose are examples of hexose sugars commonly occurring in cells and organisms, but it is only the structure of α- and β-glucose that you need to know. Other monosaccharide sugars produced by cells and used in metabolism include a 3-carbon sugar (Table 1.4), and two 5-carbon sugars (pentoses), namely ribose and deoxyribose. These pentoses are components of the nucleic acids and you will learn about their structure in Chapter 3.
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Disaccharides

A disaccharide is a carbohydrate made of two monosaccharides linked together. For example, sucrose is formed from a molecule of glucose and a molecule of fructose chemically linked together.

Condensation and hydrolysis reactions

When two monosaccharide molecules are combined to form a disaccharide, a molecule of water is also formed as a product, and so this type of reaction is known as a condensation reaction. The bond between monosaccharide residues, after the removal of H–O–H between them, is called a glycosidic bond (Figure 1.10). This is a strong, covalent bond. The condensation reaction is catalysed by an enzyme (Chapter 2).
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In the reverse process, disaccharides are ‘digested’ to their component monosaccharides in a hydrolysis reaction. Of course this reaction involves adding a molecule of water (‘hydro-’) as splitting (‘-lysis’) of the glycosidic bond occurs. It is catalysed by an enzyme, too, but it is a different enzyme from the one that brings about the condensation reaction.
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Key terms

Condensation reaction A reaction in which two molecules are chemically linked together with the elimination of a molecule of water.

Glycosidic bond A covalent bond between two monosaccharides.

Hydrolysis reaction A reaction in which a molecule of water is used in breaking a chemical bond (the reverse of a condensation reaction).
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Apart from sucrose, other disaccharide sugars produced by cells and used in metabolism include:


•  maltose, formed by a condensation reaction of two molecules of glucose

•  lactose, formed by a condensation reaction of galactose and glucose.



Polysaccharides

A polysaccharide is built from many monosaccharides linked by glycosidic bonds formed during condensation reactions. ‘Poly’ means many, and in fact thousands of saccharide (sugar) units make up a polysaccharide. So a polysaccharide is a giant molecule, a macromolecule. Normally each polysaccharide contains only one type of monomer. A chemist calls this a polymer because it is constructed from a huge number of identical monomers.

Some polysaccharides function as fuel stores. Both glycogen and starch are examples, as we shall shortly see. On the other hand, some polysaccharides, such as cellulose, have a structural role. Cellulose has huge molecules that are not so easily hydrolysed by enzyme action.

Starch

Starch is a mixture of two polysaccharides, both of which are polymers of α-glucose:


•  amylose – an unbranched chain of α-glucose residues

•  amylopectin – branched chains of α-glucose residues.



The glycosidic bonds between α-glucose residues in starch bring the molecules together in such a way that a helix forms. The whole starch molecule is then stabilised by countless hydrogen bonds between parts of the component glucose residues.
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Key terms

Polymer A large molecule comprising repeated, identical smaller molecules (monomers) linked together by chemical bonds.

Residues When monomers are linked together in a polymer, we can no longer refer to them as molecules. Instead, we can call them residues.
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Starch is the major storage carbohydrate of most plants. It is laid down as compact grains. It is useful because its molecules are both compact and insoluble, but are readily hydrolysed to form sugar when required. Of course, enzymes are involved in this reaction, too.

We sometimes see ‘soluble starch’ as an ingredient of manufactured foods. Here the starch molecules have been broken down into short lengths, making them dissolve more easily.

A test for the presence of starch

We test for starch by adding a solution of iodine in potassium iodide. Iodine molecules fit neatly into the centre of a starch helix, creating a blue-black colour (Figure 1.11).
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Glycogen

Glycogen is also a polymer of α-glucose. It is chemically very similar to amylopectin, although larger and more highly branched. Granules of glycogen are seen in liver cells and muscle fibres when observed by the electron microscope, but they occur throughout the human body, except in the brain cells (where there are virtually no carbohydrate reserves). During prolonged and vigorous exercise we draw on our glycogen reserves first. Only when these are exhausted does the body start to metabolise stored fat.
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Cellulose

Cellulose is a polymer of around 2000 to 3000 units of beta-glucose (β-glucose). Look back to Figure 1.8, which shows the difference in structure between α-glucose and β-glucose.

Can you spot what it is?

The only difference between the two molecules is the way in which the –H and –OH groups are bonded to carbon-1. In α-glucose the –H group is uppermost whereas in β-glucose the –OH group is uppermost. Although this might seem trivial, it has a big effect when molecules of β-glucose become linked together. As Figure 1.13 shows, the way glycosidic bonds form causes adjacent β-glucose units to be upside down with respect to each other. These glycosidic bonds are referred to as β-1,4 glycosidic bonds. This arrangement leads to cellulose molecules being long, straight-chains.

About 200 of these chains naturally become packed into fibres, held together by hydrogen bonds (Figure 1.13). The strength of plant cell walls results from the combined effect of the bonds between β-glucose monomers, the hydrogen bonds within and between these chains of β-glucose and the way in which the fibres are arranged in different directions.
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Test yourself


11 Explain the difference between a molecular formula and a structural formula.

12 α-glucose and β-glucose are isomers. Explain what this means.

13 What is the difference between a pentose and a hexose sugar?

14 Lactose is a disaccharide found in milk. Into which monosaccharides is it broken down in your intestines?

15 Starch is a polymer. What is meant by a polymer?

16 Both starch and glycogen can be broken down to provide glucose, used in respiration. Name the type of reaction by which both are broken down.

17 The reaction by which amylose and amylopectin are hydrolysed produces disaccharides.




    a) Name the disaccharide formed.

    b) Which compound, amylase or amylopectin, would you expect to be hydrolysed faster? Explain your answer.
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Lipids

The second ‘family’ of organic molecules to consider here is the lipids. These occur in mammals as fats and in plants as oils. Fats and oils appear to be rather different substances, but the basic difference between them is that, at about 20 °C (room temperature), oils are liquid and fats are solid. Like the carbohydrates, lipids also contain the elements carbon, hydrogen and oxygen, but in lipids the proportion of oxygen is much less.

Lipids are insoluble in water, i.e. are hydrophobic. However, lipids can be dissolved in organic solvents such as alcohol (for example ethanol).

Here we will consider only two types of lipid: triglycerides and phospholipids.

Triglycerides

Triglycerides are formed during condensation reactions between glycerol (an alcohol) and three fatty acids. The bonds formed are known as ester bonds.
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Key term

Ester bond The bond formed during a condensation reaction between a fatty acid and glycerol.
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Fatty acids are long hydrocarbon chains, anything between 14 and 22 carbon atoms long.

The structures of a fatty acid commonly found in cells and that of glycerol are shown in Figure 1.14 and the steps to triglyceride formation in Figure 1.15. Enzymes catalyse the condensation reactions by which triglycerides are formed.
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The hydrophobic properties of triglycerides are caused by the hydrocarbon chains of the component fatty acids. A molecule of triglyceride is quite large, but relatively small when compared with macromolecules such as starch. However, because of their hydrophobic properties, triglyceride molecules clump together (aggregate) into huge globules in the presence of water, making them appear to be macromolecules.
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Saturated and unsaturated lipids

We have seen that the length of the hydrocarbon chains is different from fatty acid to fatty acid. These chains can differ in another way, too. To understand this latter difference, we need to note another property of carbon atoms and the ways they can combine together in chains. This concerns the existence of double covalent bonds (Figure 1.16).
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A double covalent bond is formed when adjacent carbon atoms share two pairs of electrons, rather than the single electron pair shared in a single covalent bond. Carbon compounds that contain double carbon–carbon bonds are known to chemists as unsaturated compounds. On the other hand, when all the carbon atoms of the hydrocarbon tail of an organic molecule are combined together by single bonds, the compound is described as saturated. This difference is illustrated in Figure 1.17.
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Key terms

Unsaturated fatty acid A fatty acid in which one or more pairs of adjacent carbon atoms in the hydrocarbon chain are linked by a double covalent bond (represented as C=C).

Saturated fatty acid One in which all the bonds between carbon atoms in the hydrocarbon chain are single covalent bonds (represented as C–C).

[image: ]




[image: ]



[image: ]

Test yourself


18 State the molecular formula of glycerol.

19 Name the type of bond formed by the condensation of glycerol and a single fatty acid to produce a monoglyceride.

20 A fatty acid can be represented as CH3–(CH2)n–COOH. Would this represent a saturated or unsaturated fatty acid? Explain your answer.

21 Is a triglyceride a polymer? Explain your answer.

22 What makes a triglyceride hydrophobic?
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The roles of lipids in living organisms

You need to be familiar with three ways in which the structure of lipids relates to their role in living organisms.

Energy storage

When triglycerides are oxidised during respiration, energy is released. Some is lost to the environment as heat but some is used to make ATP – the energy currency of cells, introduced in Chapter 9. Mass for mass, when fully respired, lipids release more than twice as much energy as do carbohydrates (Table 1.5). Lipids, therefore, form a more ‘concentrated’ energy store than do carbohydrates.

A fat store is especially typical of animals that endure long unfavourable seasons in which they survive on reserves of food stored in the body. Oils are often a major energy store in the seeds and fruits of plants, and it is common for fruits and seeds to be used commercially as a source of edible oils for humans, for example maize, olives and sunflower.
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Waterproofing

Since lipids are hydrophobic, they repel water.

Oily secretions from the sebaceous glands, found in the skin of mammals, act as a water repellent, preventing fur and hair from becoming waterlogged when wet. Birds have a preen gland that fulfils the same function for feathers. You might have seen birds preening – they use their beaks to spread lipids from this gland over their feathers.

Insulation

Lipids are poor conductors of both heat and hydrophilic ions.

Triglycerides are stored in mammals as adipose tissue, typically under the skin, where it is known as subcutaneous fat. Fat reserves like these have a restricted blood supply (Figure 1.18) so little body heat is distributed to the fat under the skin. In these circumstances, the subcutaneous fat functions as a heat insulation layer.
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Myelin is a lipid found in the surface membranes of cells that wrap around the long fibres of nerve cells in animals (Edexcel A level Biology 2, Chapter 12). Over much of its length, the many layers of myelin insulate the fibre, preventing the passage of sodium and potassium ions that are essential for the conduction of the nerve impulse. As a result, nerve impulses travel along nerve fibres surrounded by myelin much faster than along those that are not surrounded by myelin.

Phospholipids

A phospholipid has a similar chemical structure to a triglyceride, except one of the fatty acid groups is replaced by a phosphate group.

You can see from Figure 1.19 that a phospholipid molecule has a ‘head’ composed of a glycerol to which is attached an ionised phosphate group. Since hydrogen bonds readily form between this phosphate group and water molecules, this part of the molecule has hydrophilic properties. The remainder of a phospholipid consists of two long, fatty acid residues, comprising hydrocarbon chains. As we have seen above, these ‘tails’ have hydrophobic properties.
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So phospholipid molecules are unusual in being partly hydrophilic and partly hydrophobic. The effect of this is that a small quantity of phospholipid in contact with water will float, with the hydrocarbon tails exposed above the water. It forms a single layer (monolayer) of phospholipids (Figure 1.20).
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When slightly more phospholipid is added the molecules arrange themselves as a bilayer, with the hydrocarbon ‘tails’ facing together, away from the water, and the hydrophilic heads in the water (Figure 1.20). Their hydrophobic/hydrophilic nature and their ability to form a bilayer are two extremely important properties of phospholipids, as you will see when we consider cell surface membranes in Chapter 9.
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Key term

Bilayer A single structure made of two layers of molecules, usually used to describe the arrangement of phospholipids in a cell membrane.

[image: ]




[image: ]

Test yourself


23 Some people believe that a camel stores water in its hump. In fact, the hump is a lipid store. Use information in Table 1.5 to suggest how this lipid store is an adaptation to living in desert conditions.

24 Explain how the structure of triglycerides results in their waterproofing properties.

25 How does a molecule of triglyceride differ from a molecule of phospholipid?

26 When mixed with water, phospholipids often form micelles – small droplets with the fatty acid ‘tails’ on the inside and the ‘heads’ on the outside. Suggest why.



[image: ]




[image: ]

Exam practice questions


•

1  The general formula for a carbohydrate is:




    A  C6H12O6

    B  C6(H2O)6

    C  Cn(H2O)2n

    D  Cx(H2O)y




•

2  Sucrose is a disaccharide formed by the condensation of:




    A  glucose and fructose

    B  glucose and glucose

    C  glucose and galactose

    D  fructose and galactose




•

3  Phospholipids are mainly




    A  used as an energy store

    B  found in plasma membranes

    C  used for waterproofing

    D  hormones




•

4  Copy and complete the table to show similarities and differences between glycogen and starch.

(4)
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•

5  The structure of biological molecules is related to their function. Explain two ways in which the structure of glycogen is related to its function and two ways in which the structure of a triglyceride is related to its function.

(4)




•

6  Cellulose forms cell walls in plants. Describe the structure of cellulose and explain how its properties contribute to the functions of cell walls.

(6)




•

7  The diagram shows a molecule of α-glucose.
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    a) How can you tell that this is α-glucose and not β-glucose.

(1)




    b) i)  Draw a diagram to show a condensation reaction between two molecules of α-glucose.

(2)

        ii)  Name the products of this reaction.

(1)

        iii)  Explain why the bond linking the two units of glucose is called an α-1,4 glycosidic bond.

(3)




8 A group of scientists investigated milk production by dairy cattle. For 28 days, they fed one group of cows their normal diet and fed a second group of cows the same diet with added animal fat.

    After 28 days, the scientists made several measurements on the cows and on the milk they produced. The table shows their results.
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    a) Suggest a null hypothesis that the scientists were testing in their investigation.

(1)

    b) Explain the difference in the concentration of lipids in the blood of the two groups of cows.

(3)

    c) Calculate the percentage increase in milk production of the cows with added fat in their diet.

(1)

    d) Can you conclude from the data in the table that adding fat to the diet of the cows resulted in a change in the composition of the milk they produced? Explain your answer.

(4)




•

9  Earthworms have a body that is divided into discrete segments. Figure 1 shows a longitudinal section through one segment. The outer region of the body has two layers of muscle surrounding an inner fluid-filled space, called the coelom. The fluid in this coelom (coelomic fluid) is mainly water.
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    The diagrams in Figure 2 represent different times as an earthworm moves forwards. Contraction of the circular muscle in one body segment causes that segment to become long and thin. Contraction of the longitudinal muscle in one body segment causes that segment to become short and fat.
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    Earthworms normally live in a burrow in the soil.


    a) Use your knowledge of the properties of water to explain how the coelomic fluid enables the movement of the earthworm shown in Figure 2.

(4)

    b) The chaetae shown in Figure 2 are short, bristle-like structures. Suggest their role in the movement of the earthworm.

(4)
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