

[image: image]




[image: ]



Although every effort has been made to ensure that website addresses are correct at time of going to press, Hodder Education cannot be held responsible for the content of any website mentioned in this book. It is sometimes possible to find a relocated web page by typing in the address of the home page for a website in the URL window of your browser.

Hachette UK’s policy is to use papers that are natural, renewable and recyclable products and made from wood grown in sustainable forests. The logging and manufacturing processes are expected to conform to the environmental regulations of the country of origin.

Orders: please contact Bookpoint Ltd, 130 Milton Park, Abingdon, Oxon OX14 4SB. Telephone: +44 (0)1235 827720. Fax: +44 (0)1235 400454. Lines are open 9.00a.m.–5.00p.m., Monday to Saturday, with a 24-hour message answering service. Visit our website at www.hoddereducation.co.uk

© Nick Dixon, Ali Hodgson, Richard Grime, Nora Henry, Nick England and Steve Witney 2016

First published in 2016 by
Hodder Education,
An Hachette UK Company
Carmelite House, 50 Victoria Embankment
London EC4Y 0DZ



	Impression number
	10 9 8 7 6 5 4 3 2 1



	Year
	2020 2019 2018 2017 2016




All rights reserved. Apart from any use permitted under UK copyright law, no part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying and recording, or held within any information storage and retrieval system, without permission in writing from the publisher or under licence from the Copyright Licensing Agency Limited. Further details of such licences (for reprographic reproduction) may be obtained from the Copyright Licensing Agency Limited, Saffron House, 6–10 Kirby Street, London EC1N 8TS.

Cover photo © Martin Lehotkay - Fotolia
Typeset in ITC Officina Sans Book 11.5/13 by Aptara, Inc.
Printed in Italy

A catalogue record for this title is available from the British Library

ISBN 978 1471 851353
eISBN 978 1471 851117


Contents

     Get the most from this book

     Biology 1

  1 Cell structure

  2 Cell division

  3 Transport in cells

  4 Animal tissues, organs and organ systems

  5 Plant tissues, organs and organ systems

  6 Infection and response

  7 Photosynthesis

  8 Respiration

     Chemistry 1

  9 Atomic structure and the periodic table

10 Bonding, structure and the properties of matter

11 Quantitative chemistry

12 Chemical changes

13 Energy changes

14 Formulae and equations

     Physics 1

15 Energy

16 Electricity

17 Particle model of matter

18 Atomic structure

 

     Appendix: The periodic table

     Glossary

     Index

     Acknowledgements


Get the most out of this book

Welcome to the AQA GCSE Combined Science Trilogy Student Book 1.

This book covers the Foundation and Higher tier content for sections Biology 4.1–4.4, Chemistry 5.1–5.5 and Physics 6.1–6.4 of the 2016 AQA GCSE Combined Science Trilogy specification. All other content can be found in Book 2.

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

This is a short list of topics you should be familiar with before starting a chapter. The questions will help to test your understanding. Extra help and practice questions can be found online in our AQA GCSE Science Teaching & Learning Resources.
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KEY TERMS

Important words and concepts are highlighted in the text and clearly explained for you in the margin.
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Practical

These practical-based activities will help consolidate your learning and test your practical skills.
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Required practical

AQA’s required practicals are clearly highlighted.
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TIPS

These highlight important facts, common misconceptions and signpost you towards other relevant chapters. They also offer useful ideas for remembering difficult topics.
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Show you can…

Complete the Show you can tasks to prove that you are confident in your understanding of each topic.
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Higher-tier only

Some material in this book is only required for students taking the Higher-tier examination. This content is clearly marked with the blue symbol seen here.
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Examples

Examples of questions and calculations that feature full workings and sample answers.
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Test yourself questions

These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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Chapter review questions

These questions will test your understanding of the whole chapter. They are colour coded to show the level of difficulty and also include questions to test your maths and practical skills.


•  Simple questions that everyone should be able to answer without difficulty.

•  These are questions that all competent students should be able to handle.

•  More demanding questions for the most able students.
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Answers

Answers for all questions and activities in this book can be found online at:

www.hoddereducation.co.uk/aqagcsecombinedscience1
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Practice questions

You will find Practice questions at the end of every chapter. These follow the style of some of the different types of questions you might see in your examination and have marks allocated to each question part.
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Working scientifically

In this book, Working Scientifically skills are explored in detail in the activities at the end of most chapters. Work through these activities on your own or in groups. You will develop skills such as Dealing with data, Scientific thinking and Experimental skills.
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Extension

Occasionally we have included material that isn’t in the AQA specification. You can use this for further reading and deepen your understanding of a topic. This may be especially useful for students hoping to study A Level science. This content is clearly marked with the green symbol seen here.
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*AQA only approve the Student Book and Student eTextbook. The other resources referenced here have not been entered in the AQA approval process.


1 Cell structure
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There are thousands of different types of cell found in millions of different species of life on Earth. These range from tiny bacteria that live around us to cells in birds that can fly over the Himalayas. Cells can be put into two broad groups: prokaryotic cells found in prokaryotic organisms (also called prokaryotes) and eukaryotic cells found in eukaryotic organisms (eukaryotes). Prokaryotic and eukaryotic cells have many features in common but also some key differences.
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Specification coverage

This chapter covers specification points 4.1.1.1 to 4.1.1.5 and is called Cell structure.

It covers eukaryotic and prokaryotic cells, animal and plant cells in more detail, and microscopy.
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Prior knowledge

Previously you could have learnt:


•  Cells are the basic unit of living organisms.

•  Each part of a cell has a particular function.

•  Plant and animal cells have some similarities but also some differences.

•  Unicellular organisms can be adapted for particular functions.



Test yourself on prior knowledge


1  What are the functions of plant cell walls?

2  Describe a difference between plant and animal cells.

3  Explain why plant leaves are green.
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Eukaryotes and prokaryotes

Eukaryotes

All animal and plant cells are eukaryotic, which makes all plants and animals eukaryotes. Figure 1.1 shows examples of the huge diversity we can see in eukaryotic life on Earth.

You can see from Figure 1.1 that many eukaryotes are complex organisms. Organisms that are made from more than one cell are described as multicellular.

Prokaryotes (bacteria)

All bacterial cells are prokaryotic, which means that all bacteria are prokaryotes.
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KEY TERMS

Eukaryotic cells Cells that contain a nucleus.

Eukaryote An organism that is made of eukaryotic cells (those that contain a nucleus).

Prokaryotic cells Describe single-celled organisms that do not contain a nucleus.

Prokaryotes Prokaryotic organisms (bacteria).
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Prokaryotes:


•  are single celled

•  do not have a nucleus containing their genetic material (DNA)

•  are smaller than eukaryotic cells

•  may also have small rings of DNA called plasmids.



Individual bacterial cells are usually between 1 µm and 10 µm in length. One million micrometres (µm) make up 1 metre (m), and 1000 make up 1 millimetre (mm). This means that between 100 and 1000 bacteria will fit in a straight line in a space of 1 mm. Groups of bacterial cells are called colonies.




	1 m (metre)
	=
	 100 cm (centimetres)



	1 cm
	=
	 10 mm (millimetres)



	1 mm
	=
	 1000 µm (micrometres)



	1 µm
	=
	 1000 nm (nanometres)
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KEY TERM

DNA (deoxyribonucleic acid) The genetic information found in all living organisms.
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TIP

Cell lengths are usually measured in µm (micrometres). Sub-cellular structures can be measured in µm or nm (nanometres), depending on their size.
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A typical bacterial cell is shown in Figure 1.2. The functions of bacterial cell components are shown in Table 1.1.
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KEY TERMS

Ribosome A small cell organelle in the cytoplasm in which proteins are made.

Organelle A small structure with a specific function in a cell.
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TIP

It is important that you can explain what a chromosome is.
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TIP

Copy out the headings in the first row and column of Table 1.1 and test yourself by filling in the rest of the table from memory. This will help you remember the details.
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Figure 1.3 shows how small bacterial cells are. Typical eukaryotic cells are much larger than this. However, even eukaryotic cells are microscopic. This means you can’t see a single cell without using a microscope.
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Test yourself


1  Describe how DNA is arranged in bacteria.

2  Describe the function of ribosomes.
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Animal and plant cells

Generalised (typical) animal cells

Plant and animal cells are eukaryotic. Eukaryotic cells almost always have a nucleus and are generally larger than prokaryotic cells.

The structure of a generalised animal cell is shown in Figure 1.4.
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Components of animal cells

In the previous section we looked at bacterial cells. Animal cells, including human cells, have many components in common with these. The cytoplasm of animal cells is also mainly water and it holds other components such as ribosomes. In the cytoplasm most of the chemical reactions in the cell happen (such as the making of proteins using ribosomes).

The cell membrane of animal cells also surrounds the cell. There are no cell walls in animal cells and so the membrane is on the outside of these cells. The membrane controls what substances go in and out of the cell. Most cells need glucose and oxygen for respiration, and these substances move by diffusion or are transported into the cells from the blood, where they are found at a higher concentration. Carbon dioxide moves back into the blood capillaries through the membrane.

Mitochondria are small organelles found in the cytoplasm and are only present in eukaryotic cells. They are the site of aerobic respiration. Here the energy stored in glucose is released, using oxygen. More active cells, such as those in muscles or sperm cells, usually have more mitochondria because these cells need more energy.

Ribosomes are the site of protein synthesis. These organelles are present in the cytoplasm of animal cells.

Animal cells are unlike bacterial cells in that they usually possess a nucleus. This component is present in almost all eukaryotic cells. It is found in the cytoplasm and is surrounded by its own membrane. The cell’s genetic material (DNA) is enclosed within it, arranged into chromosomes. The nucleus controls the activities of the cell.
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TIP

Mitochondria are found in eukaryotic cells but not in prokaryotic cells.
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KEY TERMS

Diffusion The net movement of particles from an area of high concentration to an area of lower concentration.

Aerobic respiration Respiration using oxygen.

Chromosome Structure containing DNA, found in the nucleus of eukaryotic cells.
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Generalised (typical) plant cells

Like animal cells, plant cells are eukaryotic. They have a nucleus and they are generally larger than prokaryotic (bacterial) cells.
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Components of plant cells

Plant cells have many components in common with animal cells, including a nucleus in which the organism’s genetic material (DNA) is found. As in animal cells, the DNA is packaged into chromosomes. Plant cells also have ribosomes for protein synthesis and mitochondria for respiration, in their cytoplasm.

Plant cells have some components not present in animal cells. Chloroplasts are small organelles, full of a green pigment called chlorophyll, which absorb the light necessary for photosynthesis to occur. This reaction uses the light energy from the Sun to convert carbon dioxide and water into glucose and oxygen and so provides an energy source for the plant. It is the green chlorophyll in plants that gives some of their parts their green colour. Most roots are hidden from the Sun and so cannot photosynthesise. They do not have chloroplasts and so are often white, not green.

Plant cells also have a cell wall, unlike animal cells. This is made from cellulose and provides structure for the cell. Plants would not be able to stand upright to catch light energy from the Sun without cell walls. The cell membrane is found inside the cell wall.

Many plant cells also contain a permanent vacuole. This is filled with cell sap (water in which dissolved sugars and mineral ions are found). The pressure in the vacuole presses the cytoplasm against the wall to keep the cell turgid.
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KEY TERMS

Photosynthesis A chemical reaction that occurs in the chloroplasts of plants and algae and stores energy as glucose or starch.

Turgid Describes cells that have a lot of water in their vacuole. The pressure created on the cell wall keeps the cell rigid.
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TIP

Make a model of a bacterial, plant or animal cell, and label it with the cell components and their functions to help you remember them.
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TIP

Most plant cells have chloroplasts, a permanent vacuole and a cell wall made of cellulose; these features are not present in animal cells.
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Required practical 1

Use a light microscope to observe, draw and label a selection of plant and animal cells

In this practical you will examine the structure and features of different animal and plant cells.

Your teacher may provide you with slides showing a range of cells from plants and animals. If this is the case, use Method 1 below.

Method 1


1  Place your slide on a microscope stage and observe using the lowest power objective lens.

2  Focus in on the image and then increase the magnification until you can clearly observe the cell’s structure.

3  Make a drawing of what you observe, labelling any structures you recognise. Ensure that you record the magnification you used when making your observations.



Alternatively, your teacher may ask you to make up your own slides to examine the cells in a range of tissues. If this is the case, use Method 2 below.

Method 2

Examining plant cells


1  Wear eye protection.

2  Use tweezers to remove a thin sheet of cells (epidermal tissue) from the inner part of an onion layer.

3  Place this flat on a microscope slide, being careful not to fold it.

4  Place a drop of iodine onto the onion tissue.

5  Carefully lower a cover slip on top of the tissue, ensuring no air bubbles form (Figure 1.7).

6  Follow the steps in Method 1 above to examine and draw the cells present.
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7  Repeat this process using a leaf from a piece of pondweed (Elodea), but add a drop of water rather than iodine.



Examining animal cells


1  Wear eye protection.

2  Using an interdental stick or flossing brush from a freshly opened pack, gently scrape the inside of your cheek.

3  Smear the cotton swab on the centre of the microscope slide in small circles.

4  Add a drop of methylene blue solution to the centre of the slide. This is an irritant and can be harmful, so avoid contact with the skin and wear eye protection.

5  Carefully lower a cover slip on top and remove any excess stain by allowing a paper towel to touch one side of the cover slip.

6  Follow the steps in Method 1 above to examine and draw the cells present.

7  Repeat this process using a single hair from your head. Place the base of the hair on a microscope slide and then stain it, and observe the cells using the microscope.

8  Put all slides in a solution of 1% Virkon.



Questions


1  Compare and contrast the structure of the cells you observed. Were any features missing from the animal cells you observed that were present in the plant cells?

2  Can you relate any of the structures or features of the cells you observed to their functions or position in the organisms they came from?

3  Order the cells you observed, from smallest to largest.
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TIP

It is important that you can explain the function of the main components of animal and plant cells.
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Show you can…

Describe the function of mitochondria.
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Test yourself


3  Name two structures present only in plant cells.

4  In which types of cell would you find mitochondria?

5  Describe the function of the cytoplasm.
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Cell specialisation

The previous section looked at generalised animal and plant cells. Eukaryotic organisms like us are not usually made only of generalised cells. We have developed specialised cells that have adaptations to allow them to complete specific functions. Red blood cells, for example, have a biconcave shape (which dips in the middle on both sides) to allow oxygen to be absorbed more quickly. They also have no nucleus, which means they can absorb more oxygen. Some specialised cells in animals and plants, together with their adaptations, are listed below.
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KEY TERMS

Biconcave Describes a shape with a dip that curves inwards on both sides.

Ova (singular ovum) Eggs.
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TIP

If you are asked to explain how a cell is adapted to its function, don’t forget to use a connecting phrase like ‘so that it can’ or ‘to allow it to’.
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Sperm cell

In humans, about a teaspoon of semen is ejaculated during a male orgasm. In the semen are tens of millions of sperm cells, which must swim through the female reproductive system. Here one cell may fertilise an ovum (egg cell). Sperm cells have a tail to help them swim towards the ovum (Figure 1.8). They have a relatively large number of mitochondria to release the energy needed to help them swim. The nucleus of a human sperm contains the genetic material (DNA) of the father.
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TIP

Sperm cells, nerve cells and muscle cells are only found in animals.
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Nerve cell

Our nervous system controls and coordinates all our actions. Nerve impulses are electrical signals that travel along nerve cells. Some of our nerve cells are the longest cells in our body. Their long extensions are called axons and these have a myelin sheath surrounding much of their length (Figure 1.9). This acts like the plastic coating on an electrical wire and insulates the electrical impulse. The cell body of the nerve cell also has smaller extensions which allow it to pick up signals from neighbouring cells.
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Muscle cell

Muscle cells are specialised cells that can contract and so move parts of the body. Muscle cells contain large numbers of mitochondria, as muscular contraction requires a lot of energy.
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TIP

When muscle cells contract they get smaller.
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Root hair cell

Root hair cells in plants have a small thin extension which pokes out into the soil (Figure 1.11). The purpose of these hairs is to increase the surface area of the root that is in contact with the soil. This allows the plant to absorb more water and minerals from the soil. Without root hairs it is likely that the adult plant would not be able to absorb enough water to survive.
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TIP

The reason why we can make large movements, such as bending our arms, is that many muscle cells contract at once in a muscle.
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Xylem cell

Xylem cells form long tubes running along the roots and stems of plants. They carry water and some dissolved minerals from the roots upwards to other parts of the plant. This water evaporates and is lost from leaves as water vapour during the continual process of transpiration. Xylem cells also carry water to the green parts of plants for photosynthesis during the day. Xylem tubes are made from lots of individual cells that have died and have no end walls and no contents, leaving a hollow tube like a pipe (Figure 1.12). They have reinforced side walls to support the weight of the plant. The side walls are strengthened by a substance called lignin.
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KEY TERMS

Xylem Dead plant cells joined together into long tubes through which water flows during transpiration.

Transpiration The gradual release of water vapour from leaves to continue the ‘pull’ of water up to them from the soil.

Phloem Living cells that carry sugars made in photosynthesis to all cells of a plant.

Translocation The movement of sugars made in photosynthesis from the leaves of plants.
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TIP

You should remember that root hair cells, xylem cells and phloem cells are only found in plants.
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Phloem cell

Phloem cells carry the glucose (as sucrose) made in photosynthesis from the leaves of a plant to all other parts of the plant in cell sap. This process is called translocation. Unlike xylem, phloem cells are living. They have fewer cell organelles than many other types of cell, which allows the sugar to travel easily. Rather than having no end walls (as in xylem), phloem cells have specialised end walls called sieve plates that have small holes in them (Figure 1.13).

Phloem cells are located close to xylem cells in the plant, making up the veins you can see in a leaf (Figure 1.14).
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Cell differentiation

The previous two sections have looked at generalised and specialised animal and plant cells. After generalised cells are formed, many become specialised for specific functions. This process is called cell differentiation. Your cells did this while you were in your mother’s uterus. Part of cell differentiation involves cells developing specific structures within them to allow them to function. For example, muscle cells need to release lots of energy during respiration and so require a high number of mitochondria. Sperm cells and nerve cells are very specialised cells. Most types of animal cell differentiate very early in their development, but most plant cells can differentiate at any stage. This is why it is possible to take plant cuttings from different parts of a plant.
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TIP

In mature animals, cell division is mainly restricted to the repair and replacement of cells.
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Show you can…

Explain why animals and plants have specialised cells.
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Test yourself


6  Give the function of nerve cells.

7  Describe how nerve cells are adapted for their function.

8  Describe how root hair cells are adapted to their function.
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Microscopy

Light microscopes use objective and eyepiece lenses to magnify structures that allow light to pass through them. The light rays travel up through the specimen and are then magnified by the objective and eyepiece lenses.
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TIP

Use the coarse focus at low magnification first to find your sample easily. Then increase the magnification lens by lens. Finally use the fine focus to make your image as sharp as possible.
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Light microscopes

The parts of a light microscope and their functions are shown in Table 1.2.
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The total magnification of the image you are looking at is calculated by:
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Electron microscopes

Electron microscopes use electrons in place of rays of light to make an image (Figure 1.16). The wavelength of electrons can be up to 100 000 times smaller than that of visible light. This means that electron microscopes can take images at significantly higher magnifications (Figure 1.17).
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KEY TERMS

Electron microscope A microscope that uses electron beams in place of light to give higher magnification.

Electron Negatively charged, tiny subatomic particle that is found in shells surrounding the nucleus of an atom.
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Electron microscopes can magnify much more than light microscopes, but the key thing is that they have a much greater resolution. The resolution of microscopes is the shortest distance between two parts of a specimen that can be seen as two distinctly separate points. An electron microscope can resolve points up to 2000 times closer than a light microscope, at a separation of just 0.1 nm. The greater resolution of an electron microscope means that sub-cellular structures can be seen in much finer detail. Electron microscopes were very important in enabling scientists to understand many sub-cellular structures. For example, many organelles cannot be seen in detail with a light microscope.
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TIP

Scientists are continually improving the quality of microscopes. The development of the light microscope and then, more recently, the electron microscope enabled big steps to be made in the understanding of cell biology.
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KEY TERM

Resolution When using a microscope, resolution is the shortest distance between two points that can be seen as two distinct separate points.
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Test yourself


9  State how the resolution of light and electron microscopes differs.
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Chapter review questions


1  Name two features of prokaryotic cells.

2  Name the substances present in a plant cell vacuole.

3  Explain why plant cells are often green.

4  Describe how the structure of sperm cells helps their function.

5  Describe how you would make a microscope slide to look at an onion cell.
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Band 1


6  Describe three differences between prokaryotic and eukaryotic cells.

7  Give the function of cytoplasm and what it is made from.

8  What is the function of ribosomes?

9  Describe three differences between plant and animal cells.




10  Describe how a nerve cell is adapted for its function.

11  Define the term ‘resolution’.




12 a)  Use the scale in Figure 1.18 to estimate the length of the sperm cell.

    b)  Explain why the sperm cell will have a large number of mitochondria.
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Band 2


13  Explain why some cells have more mitochondria than other cells.

14  Define the term ‘turgid’.

15  Explain how xylem cells are adapted for their function.




16 a)  The root hair cell (X) in Figure 1.19 is 1.3 mm long. By how much has it been magnified?

    b)  Explain how this cell is adapted.




17  Suggest why ribosomes are usually measured in nanometres (nm).
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Practice questions


1  Orchids are often found growing high up on other plants. They are unusual plants in that some species have green roots.




    a)  Choose the name of the structures that make parts of plants green:




          A chloroplasts

          B chlorophyll

          C mitochondria

          D ribosomes

[1 mark]




    b)  Suggest why orchids grow on other plants.

[1 mark]

    c)  Suggest why some orchids have green roots.

[3 marks]

    b)  Explain how root hair cells are adapted for their function.

[3 marks]




2  Life exists on Earth as single-celled or multicellular organisms. Bacteria are single-celled organisms that grow in many places.
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    a)  Copy the diagram of a bacterial cell in Figure 1.20, and complete the missing labels.

[2 marks]

    b)  Which two of the following cell components are not found in prokaryotic organisms?




          A cell wall

          B DNA

          C nucleus

          D mitochondria

[2 marks]




3  Microscopes have been around since the end of the 16th century. Their invention allowed us to see single-celled organisms for the first time and also understand that multicellular organisms are made up of many cells.
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    a)  Identify parts A, B and C in the diagram of a light microscope in Figure 1.21.

[3 marks]

    b)  Choose the part of the microscope that light first passes through:




          A fine focus

          B objective lens

          C eyepiece lens

          D slide

[1 mark]




    c)  How is the total magnification of a light microscope calculated?

[1 mark]

    d)  Describe two differences between a light microscope and an electron microscope.

[2 marks]




4  Describe the similarities and differences between prokaryotic cells and eukaryotic plant and animal cells.

[6 marks]



[image: ]




[image: ]

Working scientifically: Dealing with data

Microscopy and magnification

It is important that you can carry out calculations involving magnifications, real size and image size.

Magnification is a measure of how many times an object has been enlarged. If a sesame seed is actually 3 mm long, but in a diagram has been drawn to be 3 cm long, then it has been magnified 10 times. You can work out magnification using the formula:


[image: ]


For example, this drawing of a flea is 40 mm long but the actual flea is 2 mm.
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To work out the magnification the above formula is used:


[image: ]


Sometimes you might want to know the actual size of an object if you know the magnification and size of the image. To work this out the formula for magnification can be rearranged:
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Also, you might need to work out what image size would be produced if you were given the actual size of the image and its magnification:
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A formula triangle can be used to help you rearrange the equation.
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TIP

It is really important to ensure that measurements are always in the same units. So if you have mixed units you will need to convert them all to the same format.
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Questions


1  If a pinhead measures 1.8 mm and is magnified ×12.5, how large  would the image be?

2  If an image of a snake’s fang is 22.5 cm and it has been magnified ×7.5, how large is the actual fang?

3  What is the actual size of this frog’s eye if the image has been magnified ×1.5?
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TIP

Cell lengths are usually measured in µm (micrometres). Sub-cellular structures can be measured in mm or nm (nanometres), depending on their size.
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Extension

Often the actual object being studied is too small to be measured using a ruler, which means that a scale lower than a millimetre is needed. A micrometre (µm) is a thousandth of a millimetre and a millionth of a metre.

Using standard form, this can be written as:

1 µm = 1 × 10−3 mm and

1 µm = 1 × 10−6 m.
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Example

If the actual size of this cheek cell is 60 µm, by how much has it been magnified?


•  First measure the size of the cell in mm. In this micrograph, the cell is 45 mm wide.

•  Then convert this to µm by multiplying by 1000.
So 45 × 1000 = 45 000 µm

•  To work out the magnification:
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Question


4  What is the actual size of this red blood cell if it has been magnified ×6000?




[image: ]


[image: ]



[image: ]




2 Cell division
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When your father’s sperm fused with your mother’s ovum you were only a single stem cell. Years later, you are now made from thousands of billions of cells. These are arranged in a very specific way and specialised into several hundred different types. This chapter explains how your body cells grew from that single fertilised ovum by a process of cell division called mitosis and how the same process replaces your damaged tissues and those cells that die naturally. This process is key to life on Earth.
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Specification coverage

This chapter covers specification points 4.1.2.1 to 4.1.2.3 and is called Cell division.

It covers the structure of chromosomes, mitosis, stem cells and cell differentiation.
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Prior knowledge

Previously you could have learnt:


•  Chromosomes, genes and DNA can be studied through the use of models.

•  Cells are the fundamental unit of living organisms.



Test yourself on prior knowledge


1  Define the term ‘gene’.

2  Describe the structure of DNA.

3  Put the following into size order starting with the largest: gene, chromosome, DNA.
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Chromosomes

Eukaryotic cells are those that contain a nucleus. These can either be single-celled organisms such as protozoa, or single cells of larger multicellular organisms such as trees, insects and you.

Almost all of the cells in your body have a nucleus in which your genetic material (DNA) is found. Half of this came from your father carried by his sperm, and the other half came from your mother in her ovum. Sex cells (sperm and ova) are called gametes, and these have only half of an organism’s DNA in them. They are described as haploid cells. Apart from gametes and some cells such as red blood cells that have no nucleus, most of your cells contain two sets of DNA: half from your mother and half from your father. Any cell with these two copies is described as a diploid cell.
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KEY TERMS

Gametes Sex cells, e.g. sperm, ova and pollen.

Haploid Describes a cell or nucleus of a gamete that has an unpaired set of chromosomes (i.e. only half the normal number).

Diploid Describes a cell or nucleus of a cell that has a paired set of chromosomes.
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The DNA in any one of your body cells (not the gametes) stretches to approximately 2 metres long. Almost all the cells in your body are so small they can only be seen using a microscope. In order to fit all of this DNA into a cell this small, it is coiled into structures called chromosomes. Humans have 23 pairs of chromosomes. We say chromosomes come in pairs to remind ourselves that half were inherited from each parent. This means that there are 46 chromosomes in a diploid human cell. This is called the ‘chromosome number’. Other eukaryotic animals and plants have different chromosome numbers. For example, mosquitos have a chromosome number of 2. This means they have one pair of chromosomes, one from each parent.
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TIP

It is important that you can explain what a gamete is.
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The 23 pairs of chromosomes present in a human body cell are numbered in order of their size (Figure 2.1), which varies considerably. Each of these chromosomes is divided into separate regions called genes. Each gene contains the genetic instructions to make a protein and therefore produce a characteristic. Because you have two copies of each chromosome, you also have two copies of each gene: one from your mother and one from your father.
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KEY TERM

Gene A section of a chromosome made from DNA that carries the code to make a protein.
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Figure 2.1 also shows us that chromosomes are long, thin structures. They have a point towards the middle where they appear to pinch inwards. This is called the centromere, and no genes are present at this point.
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TIP

It is important that you can explain what a gene is.
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Test yourself


1  What is the chromosome number of humans?

2  Define the term ‘haploid’.

3  Define the term ‘diploid’.

4  Describe the difference between a gene and a chromosome.
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Show you can…

Explain why we often say that we have 23 pairs of chromosomes, rather than 46 chromosomes.
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Mitosis and the cell cycle

House dust is mainly made from our dead skin cells, and those of our family or pets who live with us. Our houses are always becoming dusty, which means that our skin is continually dying and falling off. But we don’t run out of skin. This means that we must be continually replacing our dead skin cells as they fall off. This replacement process is carried out by a type of cell division called mitosis. This process copies a diploid body cell, which contains all of your DNA, giving two new cells identical to the original cell and each other. Without this process we would not be able to grow from a fertilised ovum, repair ourselves from damage, or replace the cells that die naturally throughout our lives.
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KEY TERM

Mitosis Cell replication that produces two identical copies of a diploid cell.
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Steps in mitosis

Figure 2.2 shows the steps in mitosis. At the top of the diagram, you can see one cell with four chromosomes. The two red ones come from one parent and the two blue ones come from the second parent. The small blue and red chromosomes make one pair, and the large blue and red chromosomes make the other pair. If this were a human cell it would have 23 pairs, but this would be too confusing in a diagram.
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The first step in mitosis is for the membrane around the nucleus to disappear and all the chromosomes to shorten and fatten. This helps make the following steps easier. The chromosomes have already copied themselves completely. At this point the cells contain 46 chromosomes and 46 copies. You can see in the second box in Figure 2.2 that each of the four chromosomes now looks like an X-shape. Each of these is a chromosome with its copy.

The chromosomes and their copies then migrate to the middle of each cell, which is shown in stage 2 in the diagram. The chromosomes and their copies split apart. The chromosomes are pulled to one side of the cell and the copies to the other. This is shown in stage 3 in the diagram. The cell membrane then starts to pinch inwards and eventually touches the other side, and splits into two identical cells. We call these daughter cells. Each new daughter cell is an exact copy of the original cell.

Before a cell can undergo mitosis, it needs to:


•  grow and increase the number of sub-cellular structures such as ribosomes and mitochondria so that each daughter cell gets enough

•  replicate (double) the amount of DNA through the duplication of each chromosome.



Mitosis is only one part of the sequence of cell growth, increase in the number of sub-cellular structures, duplication of DNA, and cell division. The whole sequence is referred to as the cell cycle.
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KEY TERMS

Daughter cells The cells produced during mitosis.

Cell cycle A series of steps in which the genetic material doubles and the cell divides into two identical cells.

[image: ]




[image: ]

TIP

The cell cycle has three steps:


•  growth and increase in cell components

•  replication of DNA

•  mitosis.



[image: ]



Cell division by mitosis is important in the growth and development of multicellular organisms. Mitosis takes place where:


•  new cells are being formed during growth

•  parts of the body are being repaired or replaced.




[image: ]



[image: ]

TIP

It is important that you can recognise and describe situations in which mitosis is occurring (as in the images in Figure 2.3).
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Test yourself


5  Name the cells produced in mitosis.

6  Give two purposes of mitosis.



[image: ]




[image: ]

Show you can…

Describe the steps involved in mitosis.
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Activity

The stages of the cell cycle

Use a digital camera or mobile phone to make a stop-motion animation to show the stages of the cell cycle.

Before you start draw out a storyboard to show how you will animate:


1  the replication of DNA

2  the duplicate chromosomes being pulled to opposite ends of the dividing cell

3  the cytoplasm and cell membrane dividing to form two daughter cells.
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Stem cells

Stem cells in mammals

A stem cell is a cell that can differentiate into any other type of cell. In mammals there are two types of stem cell. The first type are embryonic stem cells, and these cells were present when you were a zygote and an embryo. They divide rapidly by mitosis and begin to differentiate within several days of the sperm fertilising the ovum. Within 21 to 22 days the human embryo has enough differentiated cells to form a beating heart.
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KEY TERMS

Stem cell An undifferentiated cell that can develop into one or more types of specialised cell.

Differentiate To specialise, or adapt for a particular function.
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Embryonic stem cells can grow into most of the specialised cells found in the adult organism. Once an embryonic stem cell has differentiated into a specialised cell it cannot change back or turn into any other type of cell.
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TIP

It is important that you are able to explain the importance of cell differentiation for the examples given in this chapter.
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We have a second type of stem cells, which are simply called stem cells or adult stem cells (although they are also found in children). These stem cells grow only in specific parts of the body, such as the bone marrow. They are used to repair the body when it is injured. Crucially they develop into the types of cell found in that location. So adult blood stem cells can only develop into red or white blood cells and some other types of cell. They cannot turn into any cell in the way that embryonic stem cells can. Scientists find these cells interesting to study, but they may not be as potentially useful as embryonic stem cells.
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Some animals have stem cells that allow them to regenerate parts of their body. For example, lizards can shed, and later regrow, their tail if seized by a predator. Other animals can go even further than this. If one leg of a starfish is severed by a predator it will grow back.
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Stem cells and differentiation in plants

Plants also have stem cells. However, those found in plants keep their ability to specialise into any type of cell. In a plant, the stem cells are located in a region called the meristem. This is where much of the plant’s growth occurs. Meristems are found in shoot tips, where they encourage the shoots to grow towards the light. They are also found in the root tips, where they encourage the roots to grow downwards towards water.

The fact that plant stem cells can differentiate into other cells throughout the mature organism’s life allows us to take cuttings. Here a small section of stem, usually with a few leaves, is removed. This is often dipped into rooting powder (Figure 2.6), which contains plant hormones to speed up differentiation. This cutting is then placed directly into the soil. The stem cells towards the bottom of the cutting will quickly grow into root cells and grow downwards. A little later we have a genetically identical copy of the parent plant, often described as a clone. Although there is no genetic variation, because of environmental variation the clone will not always look identical to the parent organism. Much of our food that comes from plants is grown from clones following this method. Many rare or valuable plants such as orchids and roses are grown in this way to stop them becoming too rare or becoming extinct. Also, stem cells can produce plants that all have good characteristics such as disease resistance.
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KEY TERMS

Meristem An area of a plant in which rapid cell division occurs, normally in the tip of a root or shoot.

Hormone A chemical (produced in a gland in mammals) that moves around an organism to change the function of target cells, tissues or organs.

Clone An organism produced asexually that has identical genes to its parent.

Genetic variation Inherited differences in organisms.

Environmental variation Differences in organisms as a result of the environment in which they live.
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TIP

Plant cloning can produce plants with good characteristics – quickly and economically.
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Stem cell research

Stem cell research is an ethical issue. This means that some people disagree with it for religious or moral reasons. Many scientists think that research into the medical uses of stem cells might help:


•  treat paralysed patients by making new nerve cells to transplant into a severed spinal cord or damaged brain

•  treat conditions such as diabetes by replacing the cells in the body that are no longer working properly

•  replace injured or defective organs.
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KEY TERMS

Extinct When no members of a species remain alive.

Ethical issue An idea some people disagree with for religious or moral reasons.
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By using stem cells from an injured person’s own body to repair damaged tissue in a process called therapeutic cloning, doctors can be sure that the cells will not be rejected in the way that some transplants are. In the future, treatments involving therapeutic cloning of stem cells might be used to treat many medical conditions.
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TIP

It is important that you can discuss the benefits and risks of the use of stem cells. You should also be able to discuss the social and ethical issues regarding their use.
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The most useful stem cells for this research are embryonic, because they can develop into any type of cell. These are often collected from waste cells in the left-over umbilical cord after a mother has given birth. They are found in fertilised ova that are not selected to be put into a woman’s uterus during in vitro fertilisation (IVF). It is with this that some people have an ethical issue. Some believe that a fertilised ovum is a life. Some believe that a fertilised ovum has rights and that its use in medical research amounts to murder. For this reason the regulations surrounding stem cell research are extremely tight, and some countries forbid it completely. Using stem cells can have other problems too, such as causing viral infections when infected stem cells are used.
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KEY TERM

In vitro fertilisation (IVF) A medical procedure in which ova are fertilised outside of a woman, then placed into her uterus to develop into a baby.
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TIP

The babies born from IVF are sometimes called test-tube babies, even though no test tubes are used in the process.
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Test yourself


7  Define the term ‘stem cell’.

8  Name the two types of stem cell.

9  Describe why stem cell research is an ethical issue.

10  Describe the advantages of using embryonic stem cells in research.
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Show you can…

Explain why stem cell research is of benefit.
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Activity

Stem cell research

Stem cell research is one of the most hotly debated areas of medical science. Since the first isolation of embryonic stem cells from mice in the 1980s, there have been great advances in understanding of stem cells and their potential uses in medicine. Alongside this there has been much controversy about the ethical implications of stem cell use, particularly stem cells obtained from embryos.

The UK Government is funding stem cell research and wants the UK to be a world leader in such research.
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Questions


1  Working in small groups, come up with a list of views that different members of society might have for and against stem cell research.

2  Write each reason on a sticky note or piece of paper and rank the reasons based on which are the strongest and weakest arguments for and against stem cell research.

3  Write a letter to the Government expressing your views about stem cell research and whether you feel the Government should be funding it. Ensure you support your views with reasons. You may like to use the internet to find extra information from a range of sources to support your arguments.
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Chapter review questions


1  Give the collective term for sperm and ova.

2  What is the number of chromosomes in a human skin cell?

3  How many cells are at the beginning and end of one mitotic division?

4  Give two examples of specialised cells in animals.

5  Define the term ‘clone’.

6  Explain why plant cuttings are clones.

7  Give two examples of diploid human cells.



Band 1


8  How many chromosomes are there in a human gamete?

9  Give the common name for ova.




10  Define the term ‘gene’.

11  Give two purposes of mitosis.



Band 2


12  Explain why gametes need to be haploid.

13  Define the term ‘cell differentiation’.

14  Name the region of a plant in which cell differentiation occurs.

15  Suggest why some people protest against stem cell research.
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Practice questions


1  How many chromosomes are there in a human diploid cell?

[1 mark]




    A  48

    B  46

    C  44

    D  42




2  Which of these cells are haploid?

[1 mark]




    A  Nerve cell

    B  Epithelial cell

    C  Sperm cell

    D  White blood cell




3  Figure 2.9 shows the nucleus of a cell that is starting to divide.
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    a)  Name structure A.

[1 mark]

    b)  Draw a diagram to show the appearance of a nucleus from a cell produced by mitosis of the cell in Figure 2.9.

[2 marks]




4  Figure 2.10 shows a section through human skin.
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    a)  Name the type of cell division that produces new skin cells.
[1 mark]


    b)  Give a reason why it is important for skin cells to be able to divide.
[1 mark]


    c)  Describe what must happen to the genetic material before a skin cell can divide.
[1 mark]





5  Scientists believe that stem cells could have many potential uses in medicine.




    a)  Stem cells are described as being undifferentiated cells. What does this mean?

[1 mark]

    b)  Stem cells found in liver tissue are called adult stem cells. These cells are often used to repair the body. Suggest another source of adult stem cells other than the liver.

[1 mark]

    c)  Embryonic stem cells are useful in medicine. Give a reason why.

[1 mark]

    d)  Many people have differing ethical views on the use of embryonic stem cells. Suggest two reasons why some people are against the use of these cells.

[2 marks]
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Working scientifically: Experimental skills

Hypotheses and predictions

Humans have a total of 46 chromosomes, arranged in 23 pairs. Not all living things have this many: some have more chromosomes and some have fewer. Since the 1900s, when scientists were beginning to observe chromosomes more closely, they have hypothesised and made predictions linked to chromosome number.
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Questions


1  Using the data in Table 2.1, come up with a hypothesis that explains the reason for the chromosome number in the animals given.

2  Scientists use their hypotheses to make predictions. Predict the diploid number of chromosomes in an elephant.

3  Predict the diploid number of chromosomes in a hedgehog.

4  Predict the diploid number of chromosomes in a goldfish.
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KEY TERMS

Hypothesis An idea that explains how or why something happens.

Prediction A statement suggesting what you think will happen.
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Your hypothesis is probably linked to the idea that more complex organisms will have more chromosomes and maybe even that because they are larger they need more DNA (genes) to code for the greater amount of proteins they need to produce.

This is exactly what scientists originally thought, and indeed if you predicted that an elephant would have more chromosomes than a human you would be right: it has 56 diploid chromosomes. However, your hypothesis and prediction would not be supported by the data for the hedgehog, which has a total of 90 chromosomes, or a goldfish, which has 94.

As more and more organisms have had their chromosome numbers determined it has become apparent that there is no link between the complexity of organisms and chromosome number. This means that scientists have rejected their original hypothesis and are trying to come up with new ideas to explain the variations seen.

Today, scientists still don’t know the exact reason for differing chromosome numbers in organisms, but it is hypothesised that it is linked to their evolution and mutations that occurred in common ancestors.

For example, in some organisms two chromosomes can become fused together. This fusion of chromosomes is thought to explain the differences between chromosome number in humans and great apes. It is hypothesised that the ancestor of humans and apes had 48 chromosomes in 24 pairs but that in humans two of the chromosomes became fused so that we ended up with 46 chromosomes in 23 pairs, while the great apes still have 48 chromosomes in 24 pairs.

Scientists made a prediction that if two chromosomes had fused to make one, we should see similarities in the gene banding on the one human chromosome compared with that found on the two separate chromosomes.
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Questions


5  What other evidence from Figure 2.11 supports this hypothesis of two chromosomes fusing?
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