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Get the most from this book





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




Track your progress


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




	
•  revised and understood a topic


	
•  tested yourself and gone online to check your answers


	
•  practised the exam-style questions





You can also keep track of your revision by ticking off each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.







Features to help you succeed
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STUDY TIPS


Tips are given throughout the book to help you develop your exam technique and maximise your achievement in the exam.
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KEY TERMS AND DEFINITIONS


Clear, concise definitions of essential key terms are provided where they first appear and in the glossary.
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REVISION ACTIVITIES


Activities to help you understand each topic in an interactive way.
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NOW TEST YOURSELF


Short, knowledge-based questions provide the first step in testing your learning. Answers are available online at www.hoddereducation.com/cambridgeextras
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SKILLS FOCUS


Encourage an investigative approach to the practical work required for your course.
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END OF CHAPTER CHECK


Quick-check bullet lists for each topic.


[image: ]












[image: ]


EXAM PREPARATION


Guidance on preparing for examination is followed by example AS questions and A Level questions at the end of each section. Each question has sample answers and comments indicating how the answers could be improved.
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6–8 weeks to go




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


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


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


	
•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. This Study and Revision Guide organises the basic facts into short, memorable sections to make revising easier.
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2–5 weeks to go




	
•  Read through the relevant sections of this book and refer to the study tips, key terms and end of chapter checks. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.


	
•  Test your understanding of each topic by working through the ‘Now test yourself’ questions. Check the answers at www.hoddereducation.com/cambridgeextras



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


	
•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Check your answers with your teacher. Write or prepare planned answers to the exam-style questions provided in this book and then check your answers against the sample answers and comments.


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


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




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


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


	
•  Attend any revision classes organised by your teacher. Remember, teachers are experts at preparing people for examinations.
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The day before examination




	
•  Flick through this Study and Revision Guide for useful reminders, for example the study tips, key terms and end of chapter checks.


	
•  Check the time and place of your examination.


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


	
•  Allow some time to relax and have an early night to ensure you are fresh and alert for examination.
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Introduction





The Cambridge International AS and A Level course consists of five examination papers. Three of the papers are common to both AS Level and A Level, while the other two also assess A Level knowledge and skills.




Weighting of each paper








	Paper

	Percentage of AS Level (%)

	Percentage of A Level (%)









	1

	31

	15.5






	2

	46

	23  






	3

	23

	11.5






	4

	–

	38.5






	5

	–

	11.5











Paper 1




	
•  Total mark: 40 marks


	
•  Question style: 40 multiple-choice questions


	
•  Syllabus content: AS Level content, Topics 1–11



	
•  Duration: 1 hour 15 minutes










Paper 2




	
•  Total mark: 60 marks


	
•  Question style: Structured questions; mark allocations for question parts are typically between 1 and 5 marks


	
•  Syllabus content: AS Level content, Topics 1–11



	
•  Duration: 1 hour 15 minutes










Paper 3




	
•  Total mark: 40 marks


	
•  Question style: Practical work and structured questions; there are two or three questions


	
•  Syllabus content: AS Level practical skills, in the Practical assessment section of the syllabus


	
•  Duration: 2 hours










Paper 4




	
•  Total mark: 100 marks


	
•  Question style: Structured questions


	
•  Syllabus content: A Level content, Topics 12–19; knowledge of AS Level content is also required


	
•  Duration: 2 hours










Paper 5




	
•  Total mark: 30 marks


	
•  Question style: Structured questions


	
•  Syllabus content: A Level practical skills of planning, analysis and evaluation


	
•  Duration: 1 hour 15 minutes














Assessment objectives


There are three assessment objectives:




	
•  AO1, Knowledge and understanding – this is a test of your factual knowledge.


	
•  AO2, Handling, applying and evaluating information – this is a test of applying your knowledge, and handling and analysing data.


	
•  AO3 Experimental skills and investigations – this is a test of your practical skills.





The papers have different weightings for the assessment objectives:








	Assessment objective

	Weighting (%) on each paper






	Paper 1

	Paper 2

	Paper 3

	Paper 4

	Paper 5










	AO1

	50

	50

	    0

	50

	    0






	AO2

	50

	50

	    0

	50

	    0






	AO3

	   0

	   0

	100

	  0

	100














Command words


Every question has a command word that tells you what the question wants you to do. Read command words carefully so that you give an answer that is relevant.


Check your syllabus and make sure you know what each command word requires you to do.


The syllabus is available on the Cambridge International website at


www.cambridgeinternational.org















AS Level



1 Cell structure







1.1 The microscope in cell studies


Cells are the basic units from which living organisms are made. Most cells are very small, and their structures can only be seen by using a microscope.
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SKILLS FOCUS


Making a temporary slide for viewing with a light microscope


You may be asked to make a temporary slide of some plant or animal material. Here is a summary of what you should do:




	
•  You will be using a light microscope, so the specimen must be thin enough for light to pass through it. For example, you could peel off the lower epidermis from a plant leaf or from inside an onion bulb.


	
•  Use a dropper pipette to place a drop of water on the middle of a clean microscope slide.


	
•  Place the epidermal tissue into the water drop. Use a seeker or the back of a spatula to gently press it down into the water.


	
•  Carefully lower a cover slip onto the slide. Try not to trap any air bubbles.


	
•  Use paper towel to gently wipe away any water that has spread out from beneath the cover slip.


	
•  Place your microscope slide onto the microscope stage. Observe using the smallest objective lens at first, then move up to the larger objective lenses if necessary.





[image: ]












[image: ]


NOW TEST YOURSELF




	
1  Suggest why it is important to use stains when looking at microscope sections.
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SKILLS FOCUS


Drawing cells from slides and micrographs


You may be asked to draw cells from your own temporary slide, from a bought slide, or from a photograph taken using a microscope (a micrograph).


Figure 1.1 shows a micrograph of cells from the leaf of Canadian pondweed, Elodea, and a drawing of two of the cells in the micrograph.


When you make a drawing like this:




	
•  make it larger than the image or specimen you are drawing from


	
•  use a sharp pencil and a good eraser


	
•  ensure there are no breaks in the lines you draw


	
•  show the thicknesses of any cell walls, and include the middle lamella between two adjacent plant cells


	
•  show membranes as single lines


	
•  draw what you can see, not what you think you ought to be able to see


	
•  do not have any shading at all
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Figure 1.1 Micrograph and drawing of cells from the leaf of Canadian pondweed (Elodea)
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Magnification and resolution


Magnification can be defined as:
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This can be rearranged to:
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KEY TERMS


Magnification is the size of an image divided by the size of the actual object.


Resolution is the size of the smallest objects that can be distinguished.
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There is no limit to the amount you can magnify an image. However, the amount of useful magnification depends on the resolution of the microscope. Resolution is the ability of the microscope to distinguish two objects as separate from one another. The smaller the objects that can be distinguished, the higher the resolution.


An electron microscope can distinguish between much smaller objects than a light microscope – in other words, an electron microscope has a much higher resolution than a light microscope. We can therefore see much more fine detail of a cell using an electron microscope than using a light microscope.
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NOW TEST YOURSELF




	
2  Calculate the actual size of an object that has an image size of 25 mm when seen with a magnification of ×125.
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Units of length


As cells are very small, we have to use units much smaller than millimetres to measure them. These units are micrometres (µm) and nanometres (nm).
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To change mm into µm, multiply by 1000.










Light microscopes and electron microscopes


You will use a light microscope in your AS and A Level studies. Scientists also use electron microscopes. Table 1.1 compares light microscopes and two types of electron microscope.


Table 1.1 Comparison of three types of microscope








	 

	Type of microscope






	 

	Light microscope

	Transmission electron microscope

	Scanning electron microscope










	How image is produced

	Light passes through a thin specimen

	Electrons pass through an extremely thin specimen

	Electrons bounce off the surface of the specimen






	Type of image produced

	Photomicrograph; can show natural colour, or colours produced by adding stains to the specimen

	Transmission electron micrograph (TEM); in black and white; false colours are often added using computer technology

	Scanning electron micrograph (SEM); in black and white, showing 3D image of a surface; false colours are often added using computer technology






	Maximum useful magnification (approximate)

	×1500

	×50 000 000

	×100 000






	Maximum resolution

	200 nm

	0.5 nm

	5 nm
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SKILLS FOCUS


Magnification calculations


You can work out the real size of an object if you are told how much it has been magnified.


For example, the drawing of a mitochondrion in Figure 1.2 has been magnified 100 000 times.
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Figure 1.2 A mitochondrion










	
•  Use your ruler to measure its length in mm. It is 50 mm long.


	
•  As it is a very small object, convert this measurement to µm by multiplying by 1000:

50 × 1000 = 50 000 µm




	
•  Substitute into the equation:
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STUDY TIP


It is almost always a good idea to convert every measurement to µm when doing magnification calculations. All the measurements in your calculation must be the same, and µm usually gives you whole numbers to work with.
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You can also use a scale bar to do a similar calculation for the drawing of a chloroplast in Figure 1.3.
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Figure 1.3 A chloroplast










	
•  Measure the length of the scale bar.


	
•  Calculate its magnification using the formula:
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•  Measure the length of the image of the chloroplast in mm, and convert to µm. You should find that it is 80 000 µm long.


	
•  Calculate its real length using the formula:
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STUDY TIP


Always show every small step in your working when you do a calculation in a question, as there may be marks for this.
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NOW TEST YOURSELF




	
3  A micrograph shows a chloroplast that measures 79 mm long. The magnification of the micrograph is ×16 000. Calculate the length of the chloroplast in µm.
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SKILLS FOCUS


Measuring cells using a graticule


An eyepiece graticule is a little scale bar that you can place in the eyepiece of your light microscope. When you look down the microscope, you can see the graticule as well as the specimen.


The graticule is marked off in ‘graticule units’. You can use the graticule to measure the specimen you are viewing in these graticule units. Follow these steps to measure the width of the cell on the left in Figure 1.4:


Step 1: Turn the eyepiece so that the graticule scale lies over the cells. It will look like Figure 1.4.
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Figure 1.4 Measuring cells with an eyepiece graticule








Step 2: Measure the width of one cell in graticule units. Here, the width of the cell on the left is 23 graticule units.


Step 3: Use the stage micrometer to convert graticule units to µm. This is called calibration:




	
•  Remove the slide from the microscope stage. Place a special slide called a stage micrometer on the microscope stage.


	
•  With the graticule still in the eyepiece, line up the scale on the graticule and the scale on the stage micrometer. Make sure that two large markings on each scale are exactly lined up with each other (Figure 1.5).
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Figure 1.5 Calibrating graticule units using a stage micrometer










	
•  The markings on the stage micrometer are 0.01 mm apart. This is 10 µm apart.


	
•  In Figure 1.5 the 50 mark on the stage micrometer is lined up with the 1.0 mark on the eyepiece graticule. There is also a good alignment of 68 on the stage micrometer and 9.0 on the eyepiece graticule. So you can say that:

80 small eyepiece graticule markings


= 18 stage micrometer markings


= 18 × 0.01 mm = 0.18 mm = 180 µm




	
•  Therefore
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Step 4: Use your calibration to calculate the real width of the plant cell you measured in Step 2. It was 23 eyepiece graticule units long. So its real width is:
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NOW TEST YOURSELF




	
4  A cell measures 84 small eyepiece graticule units.

When a stage micrometer is placed on the stage using the same objective lens, it can be seen that 100 eyepiece graticule units line up exactly with 8 stage micrometer markings. The stage micrometer is marked off in 0.01 mm divisions.


Calculate the size of the cell in µm.
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1.2 Cells as the basic units of living organisms


Eukaryotic organisms have cells that contain a nucleus and certain other organelles. All the organelles and membranes within these cells have particular functions.
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KEY TERMS


Eukaryotic cells are found in animals, plants, fungi and Protoctista. The cells have membrane-bound organelles such as nuclei.
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Functions of organelles and membrane systems


Figure 1.6 shows a typical animal cell as seen using an electron microscope.


Figure 1.7 shows a typical plant cell as seen using an electron microscope.
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Figure 1.6 Ultrastructure of an animal cell, ×2000 magnification
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Figure 1.7 Ultrastructure of a plant cell, ×1500 magnification










Cell surface membrane




	
•  The cell surface membrane controls what enters and leaves the cell. Its structure and functions are described in detail on pp. 44–53.


	
•  There are also many membranes within the cell that help to make different compartments in which different chemical reactions can take place without interfering with one another.


	
•  Many cells that are involved in the exchange of molecules or ions, such as in the small intestine, have a cell membrane that has many finger-like projections called microvilli. These microvilli increase the surface area of the membrane for diffusion and active transport.
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KEY TERMS


Diffusion is the net movement of molecules or ions down a concentration gradient, as a result of the random movement of particles.


Active transport is the movement of molecules or ions across a cell membrane against their concentration gradient, using energy from respiration.
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Nucleus




	
•  The nucleus is surrounded by a pair of membranes, which make up the nuclear envelope.


	
•  The nucleus contains chromosomes, each of which contains a very long molecule of DNA. The DNA determines the sequences in which amino acids are linked together in the cytoplasm to form protein molecules. This is described on pp. 61–63.


	
•  Within the nucleus there is a darker area (not surrounded by its own membrane) called the nucleolus. This is where new ribosomes are made, following a code on part of the DNA.










Ribosomes




	
•  Ribosomes are small structures made of RNA and protein. They are found free in the cytoplasm, and also attached to rough endoplasmic reticulum (RER).


	
•  Ribosomes in eukaryotic cells are 80S (that is, larger than those in the mitochondria and chloroplasts).










Rough endoplasmic reticulum (RER) and Golgi body




	
•  The RER is an extensive network of membranes in the cytoplasm. The membranes enclose small spaces called cisternae. Proteins are made on the ribosomes, by linking together amino acids.


	
•  If the proteins are to be processed or exported from the cell, the growing chains of amino acids move into the cisternae of the RER as they are made. The cisternae then break off to form little vesicles that travel to the Golgi body.


	
•  In the Golgi body, the proteins may be modified, for example by adding carbohydrate groups to them.


	
•  Vesicles containing the modified proteins break away from the Golgi body and are transported to the cell surface membrane (Figure 1.8), where they are secreted from the cell by exocytosis (p. 52).
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Figure 1.8 Production, modification and secretion of proteins by a cell
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NOW TEST YOURSELF




	
5  List all the organelles and structures involved with the production of a secreted protein.
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Smooth endoplasmic reticulum




	
•  Smooth endoplasmic reticulum (SER) is usually less extensive than RER.


	
•  It does not have ribosomes attached to it, and the cisternae are usually more flattened than those of the RER.


	
•  It is involved in the synthesis of steroid hormones and the breakdown of toxins.











Mitochondria




	
•  Mitochondria have an envelope (two membranes) surrounding them (Figure 1.9).


	
•  The inner membrane is folded to form cristae. This is where aerobic respiration takes place, producing ATP (p. 129).


	
•  The first stage of aerobic respiration, called the Krebs cycle, takes place in the matrix.


	
•  The final stage of aerobic respiration, oxidative phosphorylation, takes place on the membranes of the cristae.


	
•  Mitochondria contain ribosomes that are smaller than those in the cytoplasm (70S) and also a small, circular molecule of DNA.
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Figure 1.9 Longitudinal section through a mitochondrion













Lysosomes




	
•  Lysosomes are small membrane-bound packages of hydrolytic (digestive) enzymes.


	
•  They form by breaking off from the Golgi apparatus.


	
•  They are used to digest bacteria or other cells taken into the cell by phagocytosis, or to break down unwanted or damaged organelles within the cell.










Centrioles, microtubules, cilia and the cytoskeleton




	
•  Centrioles are found only in animal cells, not plant cells.


	
•  They are made of tiny structures called microtubules, arranged in a circular pattern. Microtubules are made of a protein called actin.


	
•  The two centrioles lie at right angles to one another. It is from here that the microtubules are made that form the spindle during cell division in animal cells.


	
•  Microtubules are also found throughout the cell even when it is not dividing, where they help to form the cytoskeleton, which keeps the cell in shape.


	
•  Cilia are tiny hair-like structures composed of microtubules that project from cell surfaces. They are able to move and beat, often propelling small organisms through fluids or moving substances such as mucus in larger animals.










Chloroplasts




	
•  Chloroplasts are found only in some plant cells.


	
•  Chloroplasts are surrounded by an envelope made up of two membranes (Figure 1.10).


	
•  Their background material is called the stroma, which contains many paired membranes called thylakoids.


	
•  In places, the thylakoids form stacks called grana. The grana contain chlorophyll, which absorbs energy from sunlight. The first reactions in photosynthesis, called the light-dependent reactions and photophosphorylation, take place on the membranes.


	
•  The final stages of photosynthesis, called the Calvin cycle, take place in the stroma. Chloroplasts often contain starch grains, which are storage materials formed from the sugars that are produced in photosynthesis.


	
•  Chloroplasts contain 70S ribosomes and a circular DNA molecule.
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Figure 1.10 Longitudinal section through a chloroplast
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REVISION ACTIVITY


Cut out 19 pieces of card, all the same size.


On one side of each card write one of the labels on Figure 1.6 and Figure 1.7.


On the other side, write no more than six words that describe the function of the named structure.


Arrange all the cards with either the name or the function visible, and practise identifying what is on the non-visible side.
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Cellulose cell wall




	
•  Plant cells are always surrounded by a cell wall made of cellulose, which is never found around animal cells.


	
•  The cell walls often have holes in them called plasmodesmata. These structures connect the cytoplasm of neighbouring cells so that substances can move freely between them.


	
•  The structure of cellulose is described on p. 25.










Large permanent vacuole and tonoplast




	
•  Many plant cells contain a large permanent vacuole in which they store water, salts, pigments and other substances.


	
•  When the vacuole is filled with water it exerts pressure on the cell wall to make the cell turgid.


	
•  The outer membrane of the vacuole is called the tonoplast.
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NOW TEST YOURSELF




	
6  Construct a table with three columns.

Head the columns: Structure, Animal cells and Plant cells.


In the first column, write the names of the structures labelled on Figure 1.6 and Figure 1.7.


Add ticks to show whether the structure is found in animal cells and/or plant cells.
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SKILLS FOCUS


Interpreting and drawing from micrographs


You may be presented with photomicrographs and electron micrographs of plant and animal cells and asked to draw, describe and interpret them.
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STUDY TIP




	
•  When interpreting images always try to identify larger, more obvious organelles such as the nucleus first.


	
•  Make sure that you know which structures are specific to plant cells and which are specific to animal cells.


	
•  Try to link structures to function, for example, the presence of microvilli suggests a role in transport, while the presence of large amounts of RER and Golgi suggests a role in protein synthesis and secretion.
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NOW TEST YOURSELF




	
7  Figure 1.11 is a TEM of a plant root cell, with parts of several cells adjoining it. The small white structures in the cell are starch grains.
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Figure 1.11 TEM of a plant root cell










	
a  Identify the following structures in Figure 1.11. Use the labels in Figure 1.7 to help you.



	–  cell wall


	–  position of cell membrane


	–  nucleolus


	–  nucleus


	–  nuclear envelope


	–  mitochondrion






	
b  Now draw the part of the central cell in the area enclosed by the black lines and labelled X.

Use the bullet points in the Drawing cells section on p. 9 to help you to make a good drawing.








	
8  Suggest which organelles would be visible when seen with a light microscope.
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ATP


Cells constantly use energy to maintain the processes that keep them alive. These processes include active transport of substances across membranes (p. 51), movement and the building up of large molecules (such as the synthesis of proteins, pp. 61–63). The immediate source of energy for a cell is adenosine triphosphate, or ATP.




	
•  ATP can be broken down to adenosine diphosphate, ADP, and a phosphate ion, releasing a small packet of useable energy.


	
•  Mitochondria make ATP by aerobic respiration (p. 129), while chloroplasts make ATP in the light-dependent stage of photosynthesis (pp. 143–144).










Prokaryotic cells


Prokaryotic cells are found in bacteria and Archaea, whereas eukaryotic cells are found in animals, plants, Protoctista and fungi.




	
•  Prokaryotic cells are generally much smaller than eukaryotic cells.


	
•  The fundamental difference between prokaryotic and eukaryotic cells is that they do not have a nucleus or any other organelles bound by a double membrane (Figure 1.12).


	
•  Most prokaryotic organisms are unicellular. Eukaryotic organisms (including plants, animals and fungi) are usually multicellular.


	
•  Prokaryotic and eukaryotic cells are compared in Table 1.2.
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Figure 1.12 Structure of a prokaryotic cell
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KEY TERMS


Prokaryotic cells are found in bacteria and Archaea. The cells do not have membrane-bound organelles.
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Table 1.2 Comparison of prokaryotic, animal and plant cells








	Feature

	Prokaryotic cells

	Eukaryotic cells






	Animal cells

	Plant cells










	Cell surface membrane

	Always present

	Always present

	Always present






	Cell wall

	Always present; made of peptidoglycans

	Never present

	Always present; made of cellulose






	Nucleus and nuclear envelope

	Never present

	Always present

	Always present






	Chromosomes

	Contain so-called ‘bacterial chromosomes’ – a circular molecule of DNA not associated with histones (sometimes said to be ‘naked’ DNA); bacteria may also contain smaller circles of DNA called plasmids

	Contain several chromosomes, each made up of a linear DNA molecule associated with histones

	Contain several chromosomes, each made up of a linear DNA molecule associated with histones






	Mitochondria

	Never present

	Usually present

	Usually present






	Chloroplasts

	Never present, although some do contain chlorophyll or other photosynthetic pigments

	Never present

	Sometimes present






	Rough and smooth endoplasmic reticulum and Golgi apparatus

	Never present

	Usually present

	Usually present






	Ribosomes

	70S ribosomes present

	80S ribosomes present in cytoplasm; 70S ribosomes in mitochondria

	80S ribosomes present in cytoplasm; 70S ribosomes in mitochondria and chloroplasts






	Centrioles

	Never present

	Usually present

	Never present
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REVISION ACTIVITY




	
•  Using a good-quality HB pencil, make a large diagram of a prokaryotic cell. Check your diagram against Figure 1.12, above.


	
•  Now convert the prokaryotic cell to an animal cell, by erasing some structures and adding others. Check your diagram against Figure 1.6, p. 13.


	
•  Now convert the animal cell to a plant cell, by erasing one structure and adding others. Check your diagram against Figure 1.7, p. 13.
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Viruses


Viruses are extremely small particles made of an RNA or DNA core surrounded by a protein coat called a capsid (Figure 1.13). Some have an outer envelope made of phospholipids. They are non-cellular. Viruses are not able to carry out any of the processes characteristic of living things unless they are inside a living cell, where they ‘hijack’ the cell’s machinery to make copies of themselves. All viruses are, therefore, parasitic. Some viruses cause disease in humans.
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Figure 1.13 Structure of a virus
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NOW TEST YOURSELF




	
9  a  Use the scale bar to calculate the diameter of the virus in Figure 1.13.


	    b  Using your answer to (a), work out how many viruses could line up inside the bacterium shown in Figure 1.12, p. 18.
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END OF CHAPTER CHECK


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




	
•  make temporary slides of cellular material, and view them with a light microscope [image: ]



	
•  draw cells from microscope slides and micrographs, and interpret photomicrographs and electron micrographs [image: ]



	
•  calculate magnifications and sizes of images and specimens [image: ]



	
•  use eyepiece graticules and stage micrometers to measure cells and specimens [image: ]



	
•  use appropriate units and convert between mm, µm and nm [image: ]



	
•  explain the difference between resolution and magnification, with reference to light microscopes and electron microscopes [image: ]



	
•  recognise organelles in animal and plant cells from photomicrographs and electron micrographs [image: ]



	
•  outline the function of cell organelles, including: cell surface membrane, nucleus, nuclear envelope, nucleolus, rough endoplasmic reticulum, smooth endoplasmic reticulum, Golgi body, mitochondria, ribosomes, lysosomes, centrioles and microtubules, cilia, and microvilli, as well as chloroplasts, cell wall, plasmodesmata, large permanent vacuole and tonoplast in plant cells [image: ]



	
•  explain that ATP is made in respiration inside a cell, and is used for energy-requiring processes [image: ]



	
•  describe and interpret photomicrographs, electron micrographs and drawings of animal and plant cells [image: ]



	
•  compare the structures of typical animal cells and plant cells [image: ]



	
•  outline key structural features of a prokaryotic cell, including: unicellular nature, size being generally 1–5 μm diameter, peptidoglycan cell walls, circular DNA, 70S ribosomes, and absence of organelles surrounded by double membranes [image: ]



	
•  compare the structure of a prokaryotic cell with eukaryotic cells in animals and plants [image: ]



	
•  outline the structure of a virus: non-cellular, nucleic acid core (RNA or DNA), protein capsid, sometimes an outer envelope of phospholipid [image: ]
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AS LEVEL



2 Biological molecules







2.1 Testing for biological molecules


All living organisms are composed of organic molecules, including carbohydrates, proteins, lipids and nucleic acids.


There are biochemical tests that can be performed to identify some of these molecules. You may be asked to perform these tests on samples to identify the biological molecules present.
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SKILLS FOCUS


Testing for reducing sugars, starch, lipids and proteins


Reducing sugar test


All monosaccharides and some disaccharides are reducing sugars. The basic test for reducing sugars is as follows:




	
•  Add Benedict’s reagent to a solution of the substance under investigation.


	
•  Heat the mixture in a water bath at a temperature of 75°C.


	
•  An orange-red precipitate indicates the presence of reducing sugar. The colour of the solution depends on the concentration of the reducing sugar.





Starch test




	
•  Add iodine in potassium iodide solution to the substance under investigation.


	
•  A blue-black colour indicates the presence of starch.





Emulsion test for lipids




	
•  Mix the substance to be tested with absolute (100%) ethanol.


	
•  Decant the ethanol into water.


	
•  A milky, white emulsion indicates the presence of lipid.





Biuret test for protein




	
•  Add biuret solution.


	
•  A purple colour indicates the presence of protein.
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KEY TERMS


A monosaccharide is a single sugar unit, with the formula CnH2nOn, for example glucose.


A disaccharide is a substance made of two monosaccharide molecules linked by a glycosidic bond, for example maltose.
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STUDY TIP


Make sure that you know the positive results of all the biochemical tests. In an exam, be clear what the colour change is – for example, write down that biuret turns purple; do not say it turns blue/purple.
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SKILLS FOCUS


Carrying out a semi-quantitative Benedict’s test


This test is used to estimate the concentration of reducing sugar present in a solution.


If standard volumes of the unknown solutions and excess Benedict’s reagent are used, the concentration of reducing sugar can be estimated. There are two possible methods.


Method 1: Time taken for Benedict’s reagent to turn a certain colour




	
•  A standard volume of solution under investigation is placed into a test tube.


	
•  An excess volume of Benedict’s reagent is added.


	
•  The tube is heated in a water bath to a temperature of 75°C.


	
•  The time taken for the mixture to change to orange is recorded.


	
•  This is repeated with solutions with known concentrations of reducing sugar. (See p. 104 for an explanation of how to make solutions of known concentration.)


	
•  The time taken for the solution under investigation to change to orange can then be matched against the times taken for the known standards.


	
•  The following factors should be kept constant:



	–  volumes of solutions


	–  temperature of water bath


	–  final colour of Benedict’s reagent











Method 2: Matching the final colour of Benedict’s reagent to known standards




	
•  A standard volume of solution under investigation is placed into a test tube.


	
•  An excess volume of Benedict’s reagent is added.


	
•  The mixture is heated in a water bath to a temperature of 75°C.


	
•  The mixture is heated until no more colour change occurs.


	
•  This is repeated with solutions with known concentrations of reducing sugar to produce colour standards. (See p. 104 for an explanation of how to make solutions of known concentration.)


	
•  The colour of the solution under investigation is matched against the colour standards.


	
•  The following factors should be kept constant:



	–  volumes of solutions


	–  temperature of water bath


	–  time that the solutions are heated for
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SKILLS FOCUS


Testing for non-reducing sugars


Non-reducing sugars, such as sucrose, can be identified by first using acid hydrolysis to break glycosidic bonds, followed by a Benedict’s test. The method is as follows:




	
•  Carry out a Benedict’s test on a sample to show that the solution does not contain any reducing sugars. If the test is positive, the non-reducing test cannot be completed.


	
•  Hydrolyse the non-reducing sugar (break the glycosidic bond) by heating in a water bath with dilute HCl.


	
•  Neutralise the mixture with sodium hydrogencarbonate.


	
•  Carry out the test for reducing sugar.


	
•  The presence of an orange or red precipitate demonstrates the presence of non-reducing sugar.
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NOW TEST YOURSELF




	
1  Imagine that you have been given a sugar solution. You know that it contains reducing sugar, but you want to know if it also contains non-reducing sugar. How could you find out?


	
2  A student estimated the concentration of reducing sugar in a sample of fruit juice. They carried out a semi-quantitative Benedict’s test on a sample of the fruit juice by comparing the time taken for the mixture to turn red with known standards. The results for the standards are in Table 2.1.





Table 2.1








	Concentration of reducing sugar/%

	Time taken for mixture to change to red/s










	  1.0

	550






	  2.5

	400






	  5.0

	155






	10.0

	  40











	



	
a  The time taken for the fruit juice to change colour to red was 85 s. Estimate the concentration of reducing sugar present in the fruit juice.


	
b  Suggest how the student could make their experiment more accurate.


	
c  Give three things that the student should keep constant when carrying out the Benedict’s test with the standards and the fruit juice.
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REVISION ACTIVITY


Construct and complete a table with the following headings:




	
•  Biological molecule


	
•  How to test for it


	
•  Positive results
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2.2 Carbohydrates and lipids


Carbohydrates are substances whose molecules contain carbon, hydrogen and oxygen atoms, and in which there are approximately twice as many hydrogen atoms as carbon or oxygen atoms.


Lipids also contain carbon, hydrogen and oxygen, but there is a much smaller proportion of oxygen. Lipids include triglycerides and phospholipids. All lipids are insoluble in water.




Monosaccharides




	
•  The simplest carbohydrates are monosaccharides. These are sugars. They include glucose, fructose and galactose.


	
•  These three monosaccharides each have six carbon atoms, so they are also known as hexose sugars. Their molecular formula is C6H12O6.


	
•  All monosaccharides, including glucose, fructose and galactose, are reducing sugars.


	
•  Monosaccharide molecules are often in the form of a ring made up of carbon atoms and one oxygen atom. Glucose molecules can take two different forms, called α-glucose and β-glucose (Figure 2.1).
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Figure 2.1 Structural formulae of α-glucose and β-glucose molecules
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STUDY TIP


When you are drawing biological molecules, count the bonds you have drawn on each atom. Each C should have four bonds, each N should have three, each O should have two and each H should have one.
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Disaccharides




	
•  Two monosaccharides can link together to form a disaccharide. For example, two glucose molecules can link to produce maltose.


	
•  The covalent bond that joins them together is called a glycosidic bond.


	
•  As the two monosaccharides react and the glycosidic bond forms, a molecule of water is released. This type of reaction is known as a condensation reaction.


	
•  Different disaccharides can be formed by linking different monosaccharides (Table 2.2 and Figures 2.2 and 2.3).


	
•  Some disaccharides are reducing sugars. Sucrose is a non-reducing sugar.


	
•  Disaccharides can be split apart into two monosaccharides by breaking the glycosidic bond. To do this, a molecule of water is added. This is called a hydrolysis reaction (Figure 2.4). In living organisms, this is catalysed by enzymes such as maltase.





Table 2.2








	Disaccharide

	Monosaccharides










	Maltose

	Glucose + glucose






	Lactose

	Glucose + galactose






	Sucrose

	Glucose + fructose
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Figure 2.2 Formation of maltose by a condensation reaction
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Figure 2.3 Formation of sucrose by a condensation reaction
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Figure 2.4 Breakdown of a disaccharide by a hydrolysis reaction
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STUDY TIP


When working out the molecular formulae of disaccharides, do not forget to take away the water molecule.
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Functions of monosaccharides and disaccharides




	
•  Monosaccharides and disaccharides are good sources of energy in living organisms. They can be used in respiration, in which the energy they contain is used to make ATP.


	
•  Because they are soluble, they are the form in which carbohydrates are transported through an organism’s body. In animals, glucose is transported dissolved in blood plasma. In plants, sucrose is transported in phloem sap.
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STUDY TIP


Remember: carbohydrates are transported as glucose in animals, but as sucrose in plants.
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NOW TEST YOURSELF




	
3  For each of these sugars, state:



	–  whether it is a monosaccharide or a disaccharide


	–  if a disaccharide, the monosaccharides from which it is formed


	–  whether it will give a positive result with the Benedict’s test













	fructose

	glucose

	lactose

	maltose

	sucrose









	
4  The molecular formula for glucose is C6H12O6. Give the molecular formula for maltose.
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Polysaccharides




	
•  Polysaccharides are substances whose molecules contain hundreds or thousands of monosaccharides linked together into long chains. The monosaccharides are monomers, and the polysaccharide is a polymer. Polysaccharides are macromolecules.


	
•  Because polysaccharide molecules are so enormous, the majority do not dissolve in water. This makes them good for storing energy (starch and glycogen) or for forming strong structures (cellulose).







Storage polysaccharides




	
•  In animals and fungi, the storage polysaccharide is glycogen. It is made of α-glucose molecules linked together by glycosidic bonds.


	
•  Most of the glycosidic bonds are between carbon 1 on one glucose and carbon 4 on the next, so they are called 1–4 links. There are also some 1–6 links, which form branches in the chain (Figure 2.5).


	
•  When needed, the glycosidic bonds can be hydrolysed by carbohydrase enzymes to form monosaccharides, which can be used in respiration. The branches mean there are many ‘ends’, which increases the rate at which carbohydrases can hydrolyse the molecules.
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Figure 2.5 A small part of a glycogen molecule










	
•  In plants, the storage polysaccharide is starch.


	
•  Starch is a mixture of two substances, amylose and amylopectin.


	
•  An amylose molecule is a long chain of α-glucose molecules with 1–4 links. It coils up into a spiral, making it very compact. The spiral is held in shape by hydrogen bonds between small charges on some of the hydrogen and oxygen atoms in the glucose units (Figure 2.6).


	
•  An amylopectin molecule is similar to glycogen, having 1–4 links and 1–6 links. Amylopectin is branched so that it is broken down more quickly than amylose by carbohydrase enzymes.
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Figure 2.6 A small part of an amylose molecule
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KEY TERMS


A polysaccharide is a substance made of many monosaccharide molecules linked in a long chain, for example glycogen.


A monomer is a relatively small molecule that can be linked to others like it, to form a much longer molecule.


A polymer is a molecule made up of many smaller molecules (monomers) linked together in a long line.


A macromolecule is a large biological molecule, such as a polysaccharide or a protein.
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Structural polysaccharides




	
•  Plant cell walls contain the polysaccharide cellulose.


	
•  Like amylose, this is made of many glucose molecules linked by glycosidic bonds between carbon 1 and carbon 4 (Figure 2.7). However, in cellulose the glucose molecules are in the β form. This means that adjacent glucose molecules in the chain are upside-down in relation to one another.


	
•  The chain of β-glucose molecules stays straight, rather than spiralling. Hydrogen bonds (p. 31) form between different chains (Figure 2.8). This causes the chains to associate into bundles called microfibrils.


	
•  Cellulose microfibrils are very strong. This makes cellulose an excellent material for plant cell walls, because it will not break easily if the plant cell swells as it absorbs water. The microfibrils are also difficult to digest, because few organisms have an enzyme that can break the β 1–4 glycosidic bonds. Cellulose cell walls are fully permeable and allow water to diffuse through to the cells.
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Figure 2.7 Cellulose contains chains of β 1–4 linked glucose
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Figure 2.8 Cellulose molecules
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NOW TEST YOURSELF




	
5  Explain why cellulose works well as a structural polysaccharide, whereas starch does not.


	
6  Give two similarities and two differences between amylose molecules and cellulose molecules.
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Triglycerides




	
•  A triglyceride molecule is made of a ‘backbone’ of glycerol, to which three fatty acids are attached by ester bonds (Figure 2.9).


	
•  Because triglycerides have no electrical charge, they are nonpolar molecules. They are classed as hydrophobic because they are not attracted to dipoles of water molecules.


	
•  When a triglyceride forms, each of the three fatty acids forms a covalent bond with one of the oxygen atoms of the glycerol molecule. When each fatty acid molecule joins to the glycerol molecule, a molecule of water is released. This is another condensation reaction.







[image: ]



Figure 2.9 The formation of a triglyceride molecule










Fatty acids




	
•  Fatty acids have long chains made of carbon and hydrogen atoms.


	
•  Each carbon atom has four bonds. Usually, two of these bonds are attached to other carbon atoms, and the other two to hydrogen atoms.


	
•  In some cases, however, there may be only one hydrogen atom attached. This leaves the carbon atom with a ‘spare’ bond, which attaches to the next-door carbon atom (which also has one less hydrogen bonded to it), forming a double bond.


	
•  Fatty acids with one or more carbon–carbon double bonds are called unsaturated fatty acids, because they do not contain quite as much hydrogen as they could. Plant lipids are often unsaturated.


	
•  Fatty acids with no double bonds are called saturated fatty acids (Figure 2.10). Animal lipids are often saturated lipids. Saturated lipids tend to have higher melting points than unsaturated lipids.
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Figure 2.10 Unsaturated and saturated fatty acids
















Functions of triglycerides


Triglycerides have many functions in living organisms:




	
•  Energy storage. Triglycerides are used as energy storage compounds in plants, animals and fungi. Their insolubility in water helps to make them suitable for this function. They contain more energy per gram than polysaccharides, so can store more energy in less mass. In plants, triglycerides often make up a major part of the energy stores in seeds, either in the cotyledons (e.g. in sunflower seeds) or in the endosperm (e.g. in castor beans).


	
•  Insulation and buoyancy. In mammals, stores of triglycerides often build up beneath the skin, in the form of adipose tissue. The cells in adipose tissue contain oil droplets made up of triglycerides. This tissue also helps to insulate the body against heat loss. It is a relatively low-density tissue, and therefore increases buoyancy. These properties make it especially useful for aquatic mammals that live in cold water, such as whales and seals.


	
•  Protection. Adipose tissue also forms a protective layer around some of the body organs, for example the kidneys.
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NOW TEST YOURSELF




	
7  Three fatty acids have the following molecular formulae:

COOHC6H13 COOHC6H11 COOHC6H9




	
a  Draw the structure of each of these fatty acids.


	
b  State whether each fatty acid is saturated or unsaturated.


	
c  Draw a triglyceride that is produced if all three fatty acids undergo a condensation reaction with a molecule of glycerol.
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Phospholipids


A phospholipid molecule is like a triglyceride in which one of the fatty acids is replaced by a phosphate group (Figure 2.11).
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Figure 2.11 Phospholipid molecules










	
•  The fatty acid chains have no electrical charge and so are not attracted to the dipoles of water molecules (see p. 31). They are said to be hydrophobic.


	
•  The phosphate group has an electrical charge and is attracted to water molecules. It is hydrophilic.


	
•  In water, a group of phospholipid molecules therefore arranges itself into a bilayer, with the hydrophilic heads facing outwards into the water and the hydrophobic tails facing inwards, therefore avoiding contact with water (Figure 2.12).
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Figure 2.12 A phospholipid bilayer








This is the basic structure of a cell membrane. The functions of phospholipids in membranes are described on pp. 44–45.










2.3 Proteins


Proteins are large molecules made of long chains of amino acids joined together by peptide bonds.




Amino acids


All amino acids have the same basic structure, with an amine group and a carboxyl group attached to a central carbon atom (Figure 2.13). There are 20 different types of amino acid, which differ in the atoms present in the R group. In the simplest amino acid, glycine, the R group is a single hydrogen atom.
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Figure 2.13 An amino acid








Two amino acids can link together by a condensation reaction to form a dipeptide. The bond that links them is called a peptide bond, and water is produced in the reaction (Figure 2.14).
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Figure 2.14 Formation of a dipeptide








The dipeptide can be broken down in a hydrolysis reaction, which breaks the peptide bond with the addition of a molecule of water (Figure 2.15).




[image: ]



Figure 2.15 Breakdown of a dipeptide













Structure of protein molecules




	
•  Amino acids can be linked together in any order to form a long chain called a polypeptide. A polypeptide can form a protein molecule on its own, or it can associate with other polypeptides to form a protein molecule.


	
•  The sequence of amino acids in a polypeptide or protein molecule is called its primary structure (Figure 2.16). Note that the three letters in each box are the first three letters of the amino acid – for example, Val is valine and Leu is leucine.
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Figure 2.16 The primary structure of a small part of a polypeptide










	
•  The chain of amino acids often folds or curls up on itself. For example, many polypeptide chains coil into a regular 3D shape called an alpha helix. This is held in shape by hydrogen bonds between amino acids at different places in the chain. This regular shape is an example of the secondary structure of a protein (Figure 2.17). Another example is the beta-pleated strand.
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Figure 2.17 Examples of secondary structure










	
•  The polypeptide chain can also fold around on itself to form a more complex three-dimensional shape. This is called the tertiary structure of the protein. Once again, hydrogen bonds between amino acids at different points in the chain help to hold it in its particular 3D shape. There are also other bonds involved, including ionic bonds, disulfide bonds and hydrophobic interactions (Figure 2.18).
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Figure 2.18 Tertiary structure of a protein
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KEY TERMS


Primary structure is the sequence of amino acids in a polypeptide or protein.


Secondary structure is the first level of folding of the amino acid chain.


Tertiary structure is the second level of folding of the chain.


Quaternary structure is the association of two or more polypeptide chains.
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•  Many proteins are made of more than one polypeptide chain. These chains are held together by the same types of bond as in the tertiary structure (Figure 2.19). The overall structure of the molecule is known as the quaternary structure of the protein. The tertiary and quaternary structures of a protein, and therefore its properties, are ultimately determined by its primary structure.
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Figure 2.19 Bonds involved in maintaining the secondary, tertiary and quaternary structure of proteins
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STUDY TIP


Make sure that you are clear about the types of bond associated with each level of protein structure.
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NOW TEST YOURSELF




	
8  List the types of chemical bond associated with each of the primary, secondary and tertiary structures of proteins.
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Globular and fibrous proteins


Globular proteins have molecules that fold into a roughly spherical three-dimensional shape. Examples include haemoglobin, insulin and enzymes. They are often soluble in water and may be physiologically active – that is, they are involved in metabolic reactions within or outside cells.


Fibrous proteins have molecules that do not curl up into a ball. They have long, thin molecules, which often lie side by side to form fibres. Examples include keratin (in hair) and collagen (in skin and bone). They are not soluble in water and are not generally physiologically active. They often have structural roles.







Haemoglobin, a globular protein


Haemoglobin is an example of a protein with a quaternary structure. It is composed of four polypeptide chains – two α-globin chains and two β-globin chains – each of which is associated with a haem group. Figure 2.20 shows the structure of a haemoglobin molecule.
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Figure 2.20 The structure of haemoglobin











Relationship between structure and function in haemoglobin


The function of haemoglobin is the transport of oxygen from the lungs to respiring tissues. It is found inside red blood cells. Haemoglobin has several key features:




	
•  Solubility. The tertiary structure of haemoglobin makes it soluble. The four polypeptide chains are coiled up so that R groups with small charges on them (hydrophilic groups) are on the outside of the molecule. They therefore form hydrogen bonds with water molecules. Hydrophobic R groups are mostly found inside the molecule.


	
•  Ability to combine with oxygen. The haem group contained within each polypeptide chain enables the haemoglobin molecule to combine with oxygen. Oxygen molecules combine with the iron ion, Fe2+, in the haem group. One oxygen molecule (two oxygen atoms) can combine with each haem group, so one haemoglobin molecule can combine with four oxygen molecules (eight oxygen atoms).


	
•  Pick-up and release of oxygen. The overall shape of the haemoglobin molecule enables it to pick up oxygen when the oxygen concentration is high, and to release oxygen when the oxygen concentration is low. Small changes in oxygen concentration have a large effect on how much oxygen the haemoglobin molecule can hold. Once one oxygen molecule has combined with one haem group, the whole molecule changes its shape in such a way that it is easier for oxygen to combine with the other three haem groups. (See also information about the oxygen dissociation curve for haemoglobin on p. 81.)
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NOW TEST YOURSELF




	
9  a  State why haemoglobin is considered to have a quaternary protein structure.


	    b  State how the organisation of amino acids in haemoglobin makes it a soluble protein.


	    c  State where each oxygen molecule binds to haemoglobin.
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Collagen – a fibrous protein


Collagen is a fibrous protein composed of three polypeptide chains. Figure 2.21 shows the structure of collagen.
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Figure 2.21 The structure of collagen










Relationship between structure and function in collagen


The function of collagen is to provide support and some elasticity in many different animal tissues, such as human skin, bone and tendons. Collagen has several key features:




	
•  Insolubility. Collagen molecules are very long and are too large to be able to dissolve in water.


	
•  High tensile strength. Three polypeptide chains wind around one another, held together by hydrogen bonds, to form a three-stranded molecule that can withstand quite high pulling forces without breaking. This structure also allows the molecules to stretch slightly when pulled.


	
•  Compactness. Every third amino acid in each polypeptide is glycine, whose R group is just a single hydrogen molecule. Their small size allows the three polypeptide chains in a molecule to pack tightly together.


	
•  Formation of fibres. There are many lysine molecules in each polypeptide, facing outwards from the three-stranded molecule. This allows covalent bonds to form between the lysine R groups of different collagen molecules, causing them to associate to form fibres.
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REVISION ACTIVITY


Make a list of all the polymers described on pp. 24–31. Then construct and complete a table with the following headings:




	
•  Polymer


	
•  Monomers from which it is made


	
•  Bonds linking the monomers


	
•  Functions
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NOW TEST YOURSELF




	
10  Explain the difference between each of the following:



	
a  the secondary structure and the tertiary structure of a protein


	
b  a collagen molecule and a collagen fibre
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2.4 Water


About 60% of the body of an organism is water. Water has unusual properties compared with other substances, because of the structure of its molecules. Each water molecule has a small negative charge (δ−) on the oxygen atom and a small positive charge (δ+) on each of the hydrogen atoms. This is called a dipole.


There is an attraction between the δ− and δ+ parts of neighbouring water molecules. This is called a hydrogen bond (Figure 2.22).
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Figure 2.22 Water molecules










Solvent properties of water




	
•  The dipoles on water molecules make water an excellent solvent. For example, if you stir sodium chloride into water, the sodium and chloride ions separate and spread between the water molecules – they dissolve in the water. This happens because the positive charge on each sodium ion is attracted to the small negative charge on the oxygen of the water molecules. Similarly, the negative chloride ions are attracted to the small positive charge on the hydrogens of the water molecules.


	
•  Any substance that has fairly small molecules with charges on them, or that can separate into ions, can dissolve in water (Figure 2.23).


	
•  Because it is a good solvent, water helps to transport substances around the bodies of organisms. For example, the blood plasma of mammals is mostly water, and carries many substances in solution, including glucose, oxygen and ions such as sodium.


	
•  Water also acts as a medium in which metabolic reactions can take place, as the reactants are able to dissolve in it.
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Figure 2.23 Water as a solvent













Thermal properties of water




	
•  Water is liquid at normal Earth temperatures. The hydrogen bonds between water molecules prevent them flying apart from each other at normal temperatures on Earth. Between 0°C and 100°C, water is in the liquid state. The water molecules move randomly, forming transitory hydrogen bonds with each other. Other substances whose molecules have a similar structure, such as hydrogen sulfide (H2S), are gases at these temperatures, because there are no hydrogen bonds to attract their molecules to each other.


	
•  Water has a high latent heat of vaporisation. When a liquid is heated, its molecules gain kinetic energy, moving faster. Those molecules with the most energy are able to escape from the surface and fly off into the air. A great deal of heat energy has to be added to water molecules before they can do this, because the hydrogen bonds between them have to be broken. When water evaporates, it therefore absorbs a lot of heat from its surroundings. The evaporation of water from the skin of mammals when they sweat therefore has a cooling effect. Transpiration from plant leaves is important in keeping them cool in hot climates.


	
•  Water has a high specific heat capacity. Specific heat capacity is the amount of heat energy that needs to be added to a given mass of a substance to raise its temperature by 1°C. Temperature is related to the kinetic energy of the molecules – the higher their kinetic energy, the higher the temperature. A lot of heat energy must be added to water to raise its temperature, because much of the heat energy is used to break the hydrogen bonds between water molecules, not just to increase their speed of movement. This means that bodies of water, such as oceans or lakes, do not change their temperature as easily as air does. It also means that the bodies of organisms, which contain large amounts of water, do not change temperature easily.
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KEY TERMS


Transpiration is the loss of water vapour from a plant to its environment by diffusion down a water potential gradient, usually through the stomata in the leaf epidermis.
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NOW TEST YOURSELF




	
11  a  Explain what a hydrogen bond is.






	
b  Describe how hydrogen bonds affect the properties of water.


	
c  State two types of macromolecule that contain hydrogen bonds.
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END OF CHAPTER CHECK


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




	
•  describe and carry out biochemical tests, including tests for reducing sugars, non-reducing sugars, starch, lipids and proteins [image: ]



	
•  describe how to carry out a semi-quantitative Benedict’s test to estimate the concentration of a reducing sugar solution [image: ]



	
•  describe and draw ring forms of α-glucose and β-glucose [image: ]



	
•  understand the terms monomer, polymer, macromolecule, monosaccharide, disaccharide and polysaccharide [image: ]



	
•  understand the role of covalent bonds in joining smaller molecules to make polymers [image: ]



	
•  state that glucose, fructose and maltose are reducing sugars and that sucrose is a non-reducing sugar [image: ]



	
•  describe how glycosidic bonds form by condensation to produce disaccharides such as sucrose and maltose, and how hydrolysis breaks the glycosidic bonds in polysaccharides and disaccharides [image: ]



	
•  describe the molecular structures of the polysaccharides starch (amylose and amylopectin), glycogen and cellulose and relate their structure to their functions [image: ]



	
•  state that triglycerides are non-polar hydrophobic molecules and describe their structure and formation [image: ]



	
•  understand how the structure of triglycerides relates to their function [image: ]



	
•  describe the structure of phospholipids and how it relates to their function [image: ]



	
•  describe the general structure of amino acids and the formation and breakage of peptide bonds [image: ]



	
•  understand the different levels of protein structure and the bonds that hold protein molecules in shape [image: ]



	
•  understand the structures and functions of globular proteins and fibrous proteins [image: ]



	
•  describe the structure of haemoglobin and relate it to its function [image: ]



	
•  describe the structures of collagen molecules and collagen fibres and relate them to their functions [image: ]



	
•  explain how hydrogen bonding can occur between water molecules and relate the properties of water to its roles in living organisms [image: ]
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