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Introduction

This textbook provides up-to-date and comprehensive coverage of the Core and Supplement/Extended curriculum for the current Cambridge International Examinations IGCSE® Combined Science 0653 and Co-ordinated Sciences (Double award) 0654 syllabuses. Your teacher will tell you which syllabus you are following, and whether you are studying the Core or Supplement/Extended curriculum.

The textbook is divided into three sections: Biology (chapters B1 to B13), Chemistry (chapters C1 to C14) and Physics (chapters P1 to P8). The chapters align with the order of the syllabuses:





	Textbook chapter
	Combined Science 0653 syllabus
	Co-ordinated Sciences 0654 syllabus



	B1 Characteristics of living organisms
	B1 Characteristics of living organisms
	B1 Characteristics of living organisms



	B2 Cells
	B2 Cells
	B2 Cells



	B3 Biological molecules
	B3 Biological molecules
	B3 Biological molecules



	B4 Enzymes
	B4 Enzymes
	B4 Enzymes



	B5 Plant nutrition
	B5 Plant nutrition
	B5 Plant nutrition



	B6 Animal nutrition
	B6 Animal nutrition
	B6 Animal nutrition



	B7 Transport
	B7 Transport
	B7 Transport



	B8 Gas exchange and respiration
	B8 Gas exchange and respiration
	B8 Gas exchange and respiration



	B9 Co-ordination and response
	B9 Co-ordination and response
	B9 Co-ordination and response



	B10 Reproduction
	B10 Reproduction
	B10 Reproduction



	B11 Inheritance
	 
	B11 Inheritance



	B12 Organisms and their environment
	B11 Organisms and their environment
	B12 Organisms and their environment



	B13 Human influences on ecosystems
	B12 Human influences on ecosystems
	B13 Human influences on ecosystems



	C1 The particulate nature of matter
	C1 The particulate nature of matter
	C1 The particulate nature of matter



	C2 Experimental techniques
	C2 Experimental techniques
	C2 Experimental techniques



	C3 Atoms, elements and compounds
	C3 Atoms, elements and compounds
	C3 Atoms, elements and compounds



	C4 Stoichiometry
	C4 Stoichiometry
	C4 Stoichiometry



	C5 Electricity and chemistry
	C5 Electricity and chemistry
	C5 Electricity and chemistry



	C6 Energy changes in chemical reactions
	C6 Energy changes in chemical reactions
	C6 Energy changes in chemical reactions



	C7 Chemical reactions
	C7 Chemical reactions
	C7 Chemical reactions



	C8 Acids, bases and salts
	C8 Acids, bases and salts
	C8 Acids, bases and salts



	C9 The Periodic Table
	C9 The Periodic Table
	C9 The Periodic Table



	C10 Metals
	C10 Metals
	C10 Metals



	C11 Air and water
	C11 Air and water
	C11 Air and water



	C12 Sulfur
	 
	C12 Sulfur



	C13 Carbonates
	 
	C13 Carbonates



	C14 Organic chemistry
	C12 Organic chemistry
	C14 Organic chemistry



	P1 Motion
	P1 Motion
	P1 Motion



	P2 Work, energy and power
	P2 Work, energy and power
	P2 Work, energy and power



	P3 Thermal physics
	P3 Thermal physics
	P3 Thermal physics



	P4 Properties of waves
	P4 Properties of waves, including light and sound
	P4 Properties of waves, including light and sound



	P5 Electrical quantities, electricity and magnetism
	P5 Electrical quantities, electricity and magnetism
	P5 Electrical quantities, electricity and magnetism



	P6 Electric circuits
	P6 Electric circuits
	P6 Electric circuits



	P7 Electromagnetic effects
	 
	P7 Electromagnetic effects



	P8 Atomic physics
	 
	P8 Atomic physics





How to use this book

Each chapter starts with the syllabus statements to be covered in that chapter:

B4 Enzymes
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Combined


•  Define enzyme
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•  Explain enzyme action with reference to the complementary shape of the active site of an enzyme and its substrate and the formation of a product
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•  Investigate and describe the effect of changes in temperature and pH on enzyme activity
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•  Explain the effect of changes in temperature on enzyme activity, in terms of kinetic energy, shape and fit, frequency of effective collisions and denaturation

•  Explain the effect of changes in pH on enzyme activity in terms of shape and fit and denaturation
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Co-ordinated


•  Define enzyme
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•  Explain enzyme action with reference to the complementary shape of the active site of an enzyme and its substrate and the formation of a product
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•  Investigate and describe the effect of changes in temperature and pH on enzyme activity
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•  Explain the effect of changes in temperature on enzyme activity, in terms of kinetic energy, shape and fit, frequency of effective collisions and denaturation

•  Explain the effect of changes in pH on enzyme activity in terms of shape and fit and denaturation
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The syllabus statements are given in two lists: Combined Science (no blue bar) and Co-ordinated Sciences (blue bar). Syllabus statements highlighted in green are for the Supplement/Extended curriculum; those with no green shading are for the Core curriculum. Check with your teacher which syllabus you are studying.

This table shows which sections of the book you should study for your syllabus:
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To help you here are some examples from the book.

Students following the Combined Science Core syllabus should study sections with no blue bar at the side and no green shading:
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When substances such as hydrogen and magnesium combine with oxygen in this way they are said to have been oxidised. The process is known as oxidation.

Reduction is the opposite of oxidation. In this process oxygen is removed instead of being added.
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Students following the Combined Science Supplement/Extended syllabus should study sections with no blue bar at the side, both with and without green shading:
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When substances such as hydrogen and magnesium combine with oxygen in this way they are said to have been oxidised. The process is known as oxidation.

Reduction is the opposite of oxidation. In this process oxygen is removed instead of being added.
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A redox reaction is one which involves the two processes of reduction and oxidation. For example, the oxygen has to be removed in the extraction of iron from iron(III) oxide. This can be done in a blast
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Students following the Co-ordinated Sciences Core syllabus should study sections with no blue bar at the side, both with and without green shading, as well as sections with a blue bar and no green shading:
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When substances such as hydrogen and magnesium combine with oxygen in this way they are said to have been oxidised. The process is known as oxidation.

Reduction is the opposite of oxidation. In this process oxygen is removed instead of being added.
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A redox reaction is one which involves the two processes of reduction and oxidation. For example, the oxygen has to be removed in the extraction of iron from iron(III) oxide. This can be done in a blast
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Plotting compasses placed on the card settle along the field lines and show the direction of the field at different points.
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Students following the Co-ordinated Sciences Supplement/Extended syllabus should study sections with no blue bar at the side, both with and without green shading, as well as sections with a blue bar both with and without green shading:
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When substances such as hydrogen and magnesium combine with oxygen in this way they are said to have been oxidised. The process is known as oxidation.

Reduction is the opposite of oxidation. In this process oxygen is removed instead of being added.
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A redox reaction is one which involves the two processes of reduction and oxidation. For example, the oxygen has to be removed in the extraction of iron from iron(III) oxide. This can be done in a blast
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Plotting compasses placed on the card settle along the field lines and show the direction of the field at different points.
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When the current direction is reversed, the compasses point in the opposite direction showing that the direction of the field reverses when the current reverses.
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To help draw attention to the more important scientific words, they are printed in bold the first time they are used:
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•  Substances that do not conduct electricity when in the molten state or in solution are called nonelectrolytes.
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Science is an experimental subject, and you are encouraged to develop your practical skills. This will enable you to achieve the following objectives. You should be able to:


1  know how to safely use techniques, apparatus and materials (including following a sequence of instructions where appropriate)

2  plan experiments and investigations

3  make and record observations, measurements and estimates

4  interpret and evaluate experimental observations and data

5  evaluate methods and suggest possible improvement.



Ideas for practical work are given in the text to help you with this aspect of the course. For biology and physics these are within the subject sections; for chemistry these appear after the section on hazard warning symbols.

Practical work with no blue bar and no green shading is for students following the Combined Core syllabus:
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Practical work

Food tests


1  Test for starch




•  Shake a little starch powder in a test-tube with some warm water to make a suspension.

•  Add 3 or 4 drops of iodine solution. A dark blue colour should be produced.
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Students following the Combined Supplement/Extended syllabus should also study Practical work with no blue bar and green shading:


[image: ]

Practical work

The importance of different mineral elements


•  Place wheat seedlings in test-tubes containing water cultures as shown in Figure B5.23.

•  Cover the tubes with aluminium foil to keep out light and so stop green algae from growing in the solution.

•  Some of the solutions have one of the elements missing.

•  Leave the seedlings to grow in these solutions for a few weeks, keeping the tubes topped up with distilled water.
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Students following the Co-ordinated Core syllabus should study the Practical work with no bar and the Practical work with a blue bar and no shading:
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Practical work

Law of moments


[image: ]


Balance a half-metre ruler at its centre, adding Plasticine to one side or the other until it is horizontal.

Hang unequal loads m1 and m2 from either side of the fulcrum and alter their distances d1 and d2 from the centre until the ruler is again balanced (Figure P1.37). Forces F1 and F2 are exerted by gravity on m1 and m2 and so on the ruler; the force on 100 g is 1 N. Record the results in a table and repeat for other loads and distances.
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Students following the Co-ordinated Supplement/Extended syllabus should study the Practical work with no bar and the Practical work with a blue bar with and without the green shading:
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Practical work

Critical angle of glass

Place a semicircular glass block on a sheet of paper (Figure P4.23), and draw the outline LOMN where O is the centre and ON the normal at O to LOM. Direct a narrow ray (at an angle of about 30° to the normal ON) along a radius towards O. The ray is not refracted at the curved surface. Why? Note the refracted ray emerging from LOM into the air and also the weak internally reflected ray in the glass.

Slowly rotate the paper so that the angle of incidence on LOM increases until total internal reflection just occurs. Mark the incident ray. Measure the angle of incidence; this is the critical angle.
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In the suggested practical activities, materials are used which, although familiar in many cases, are of a potentially hazardous nature. To keep you safe you must:


•  follow the instructions given to you by your teacher

•  wear eye protection at all times

•  wear disposable gloves in certain cases when requested to do so

•  work tidily at all times

•  check the hazard labels of any of the substances you are using and then take appropriate care and precautions.



Questions are included to test that you have understood what you have read.

Questions for Combined Science have no blue bar; those for Supplement/Extended curriculum are highlighted in green:
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Questions


20  a  If the density of wood is 0.5 g/cm3 what is the mass of




i    1 cm3

ii   2 cm3

iii  10 cm3?




b  What is the density of a substance of




i   mass 100 g and volume 10 cm3

ii  volume 3 m3 and mass 9 kg?




c  The density of gold is 19 g/cm3. Find the volume of




i   38 g

ii  95 g of gold.




21  A piece of steel has a volume of 12 cm3 and a mass of 96 g. What is its density in




a  g/cm3

b  kg/m3?




22  What is the mass of 5 m3 of cement of density 3000 kg/m3?

23  What is the mass of air in a room measuring 10 m × 5.0 m × 2.0 m if the density of air is 1.3 kg/m3?
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24  When a golf ball is lowered into a measuring cylinder of water, the water level rises by 30 cm3 when the ball is completely submerged. If the ball weighs 33 g in air, find its density.
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Questions for Co-ordinated Sciences have a blue bar at the side; those for Supplement/Extended curriculum are highlighted in green:
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Questions
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8  Calcium oxide is a base. It combines with solid, acidic oxides in the basic oxygen furnace.
Write a chemical equation for one of these oxides reacting with the added lime.
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9  ‘Many metals are more useful to us when mixed with some other elements.’ Discuss this statement with respect to stainless steel.
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If you cannot answer the question straightaway, read that section of the text again with the question in mind. Try to answer as many of the questions as you can, because asking and answering questions is at the heart of your study of science.

At the end of the book there are questions from past examination papers, so that you can practise answering these before you sit your examination.

Each chapter ends with a checklist, summarising the important points covered in that chapter:
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Checklist

After studying Chapter B4 you should know and understand the following.


•  Enzymes are proteins that function as biological catalysts.

•  Enzyme activity is affected by pH and temperature.
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•  Enzymes are important in all organisms because they maintain a reaction speed needed to sustain life.

•  The substance on which an enzyme acts is called the substrate. After the reaction, a product is formed.

•  An enzyme and its substrate have complementary shapes.

•  Enzymes are affected by pH and temperature and are denatured above 50 °C.

•  Different enzymes may accelerate reactions which build up or break down molecules.

•  Each enzyme acts on only one substance (breaking down), or a pair of substances (building up).

•  Enzymes tend to be very specific in the reactions they catalyse, due to the complementary shape of the enzyme and its substrate.

•  Changes in temperature affect the kinetic energy of enzyme molecules and their shape.

•  Enzymes can be denatured by changes in temperature and pH.
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Points relevant to the Co-ordinated Sciences syllabus have a blue bar at the side:
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Checklist

After studying Chapter C11 you should know and understand the following.


•  Acid rain is rainwater which has a pH in the range 3 to 4.8.

•  Artificial fertiliser is a substance added to soil to increase the amount of elements such as nitrogen, potassium and phosphorus. This enables crops grown in the soil to grow more healthily and to produce higher yields.

•  Atmosphere (air) is the mixture of gases that surrounds the Earth.




[image: ]



•  Bulk chemicals are chemicals that, because of their large usage across a range of uses, are produced in large quantities.
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•  Carbon dioxide is a colourless, odourless gas, soluble in water, producing a weak acid called carbonic acid. It makes up 0.04% of air. It is produced by respiration in all living things and by the burning of fossil fuels. It is taken in by plants in photosynthesis.

•  Catalyst is a substance which alters the rate of a chemical reaction without itself being chemically changed.
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•  Catalytic converter is a device for converting dangerous exhaust gases from cars into less harmful emissions. For example, carbon monoxide gas is converted to carbon dioxide gas.

•  Chemical equilibrium is a dynamic state. The concentration of reactants and products remain constant. This is because the rate at which the forward reaction occurs is the same as that of the reverse reaction.
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•  Corrosion is the process that takes place when metals and alloys are chemically attacked by oxygen, water or any other substances found in their immediate environment.
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•  Flue gas desulfurisation (FGD) is the process by which sulfur dioxide gas is removed from the waste gases of power stations by passing them through calcium hydroxide slurry.

•  Global warming is an average warming taking place due to the increasing presence of greenhouse gases such as carbon dioxide in the atmosphere.
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•  Greenhouse effect is the absorption of reflected infrared radiation from the Earth by gases in the atmosphere such as carbon dioxide (a greenhouse gas) leading to atmospheric or global warming.
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•  Haber process is the chemical process by which ammonia is made in very large quantities from nitrogen and hydrogen.

•  Optimum temperature is a compromise temperature used in industry to ensure that the yield of product and the rate at which it is produced make the process as economical as possible.
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•  Photosynthesis is the chemical process by which green plants synthesise their carbon compounds from atmospheric carbon dioxide using light as the energy source and chlorophyll as the catalyst.

•  Pollution is the modification of the environment caused by human influence. It often renders the environment harmful and unpleasant to life. Atmospheric pollution is caused by gases such as sulfur dioxide, carbon monoxide and nitrogen oxides being released into the atmosphere by a variety of industries and also by the burning of fossil fuels. Water pollution is caused by many substances, such as those found in fertilisers and in industrial effluent.

•  Raw materials are basic materials from which a product is made. For example, the raw materials for the Haber process are nitrogen and hydrogen.
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Note that green highlighting is used to identify Supplement/Extended material.

These checklists will be particularly helpful when you are revising the topic.

We hope you enjoy studying science, and using this textbook.

Bryan Earl, Dave Hayward, Heather Kennett, Doug Wilford


Biology
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B1 Characteristics of living organisms
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Combined


•  Describe the characteristics of living organisms by defining the terms: movement; respiration; sensitivity; growth; reproduction; excretion; nutrition




Co-ordinated


•  Describe the characteristics of living organisms by defining the terms: movement; respiration; sensitivity; growth; reproduction; excretion; nutrition
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•  Define the terms: movement; respiration; sensitivity; growth; excretion; nutrition
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Characteristics of living organisms

All living organisms, whether they are single-celled or multicellular, plants or animals, show the characteristics included in the definitions below: movement, respiration, sensitivity, growth, reproduction, excretion and nutrition.

You need to be able to list and describe the characteristics of living organisms:


•  Movement is an action by an organism causing a change of position or place.

•  Respiration describes the chemical reactions in cells that break down nutrient molecules and release energy.

•  Sensitivity is the ability to detect and respond to changes in the environment.

•  Growth is a permanent increase in size.

•  Reproduction is the processes that make more of the same kind of organism.

•  Excretion is the removal from organisms of toxic materials and substances in excess of requirements.

•  Nutrition is the taking in of materials for energy, growth and development.



One way of remembering the list of the characteristics of living things is by using the mnemonic MRS GREN. The letters stand for the first letters of the characteristics.

Mnemonics work by helping to make the material you are learning more meaningful. They give a structure which is easier to recall later. This structure may be a word, or a name (such as MRS GREN) or a phrase. For example, ‘Richard of York gave battle in vain’ is a popular way of remembering the colours of the rainbow in the correct sequence.

Some of the characteristics of life are relatively easy to observe in living organisms or in photographs of them.
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Question


1  Figure B1.1 shows a number of cows and a bull in a field. Which characteristics of life could be seen in the herd if they were observed over a period of time?
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For the Co-ordinated Core syllabus you need to learn the list and descriptions of the characteristics of life that have already been given.
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Question


2  Match each characteristic of living organisms to its description.





	Characteristic 
	Description



	excretion
	the chemical reactions in cells that break down nutrient molecules and release energy



	growth
	a permanent increase in size



	movement
	the processes that make more of the same kind of organism



	nutrition
	taking in of materials for energy growth and development



	reproduction
	an action by an organism causing a change of position or place



	respiration
	the ability to detect and respond to changes in the environment



	sensitivity
	removal from organisms of toxic materials and substances in excess of requirements
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Key definitions

If you are studying the extended syllabus you need to learn more detailed definitions of some of the characteristics of living things:


•  Movement is an action by an organism or part of an organism causing a change of position or place.

•  Respiration describes the chemical reactions in cells that break down nutrient molecules and release energy for metabolism.

•  Sensitivity is the ability to detect or sense stimuli in the internal or external environment and to make appropriate responses.

•  Growth is a permanent increase in size and dry mass by an increase in cell number or cell size or both.

•  Excretion is the removal from organisms of the waste products of metabolism (chemical reactions in cells including respiration), toxic materials and substances in excess of requirements.

•  Nutrition is the taking in of materials for energy, growth and development. Plants require light, carbon dioxide, water and ions. Animals need organic compounds and ions and usually need water.
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Not all the characteristics can be observed by watching a living thing for a few minutes, as these are not likely to be visible or observable in a short time span. Some non-living things, such as cars, may appear to show some of the characteristics, but not all of them.
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Questions


3  The photograph shows cars being driven along a road. Which characteristics of life do the cars appear to display?
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4  a  Complete the crossword puzzle about the characteristics of life, using the clues to help you.




b  i  Which characteristic of life is missing from the crossword puzzle?

   ii  Write a crossword clue for this term.
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Across


4  The chemical reactions in cells that break down nutrient molecules and release energy. (11)

5  The removal from organisms of toxic materials and substances in excess of requirements. (9)

6  Taking in materials for energy, growth and development. (9)



Down


1  A permanent increase in size (6)

2  The ability to detect and respond to changes in the environment. (11)

3  An action by an organism causing a change of position or place. (8)




5  A student observed a toy train, shown below. It is powered by a solid fuel. When this burns, it heats up water, converting it to steam to turn the wheels. The light at the front of the engine switches on automatically in the dark.
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The student thought that some of the processes shown by the train were similar to characteristics of life shown by living organisms.

Which characteristics of life are similar to:


a  the smoke released from the chimney

b  the production of heat in the boiler

c  the action of the wheels

d  providing the train with fuel

e  the light coming on in response to darkness?



[image: ]




[image: ]

Checklist

After studying Chapter B1 you should know and understand the following.


•  The seven characteristics of living things are movement, respiration, sensitivity, growth, reproduction, excretion and nutrition.

•  Non-living things may appear to show some of the characteristics, but not all of them.

•  You need to be able to describe each of the seven characteristics.
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•  You need to be able to state extended definitions of the characteristics of life.
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B2 Cells
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Combined


•  State that living organisms are made of cells

•  Describe and compare the structure of a plant cell with an animal cell, as seen under a light microscope, limited to cell wall, nucleus, cytoplasm, chloroplasts, vacuoles and location of the cell membrane

•  State the functions of the structures seen under the light microscope in the plant cell and in the animal cell
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•  Relate the structure of the following to their functions: ciliated cells – movement of mucus in the trachea and bronchi; root hair cells – absorption; palisade mesophyll cells – photosynthesis; red blood cells – transport of oxygen; sperm and egg cells – reproduction
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•  Calculate magnification and size of biological specimens using millimetres as units

•  Define diffusion

•  State that substances move into and out of cells by diffusion through the cell membrane
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•  Define osmosis
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•  State that water diffuses through partially permeable membranes by osmosis

•  State that water moves in and out of cells by osmosis through the cell membrane

•  Investigate and describe the effects on plant tissues of immersing them in solutions of different concentrations




Co-ordinated


•  State that living organisms are made of cells

•  Describe and compare the structure of a plant cell with an animal cell, as seen under a light microscope, limited to cell wall, nucleus, cytoplasm, chloroplasts, vacuoles and location of the cell membrane

•  State the functions of the structures seen under the light microscope in the plant cell and in the animal cell
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•  Relate the structure of the following to their functions: ciliated cells – movement of mucus in the trachea and bronchi; root hair cells – absorption; palisade mesophyll cells – photosynthesis; red blood cells – transport of oxygen; sperm and egg cells – reproduction



[image: ]




•  Calculate magnification and size of biological specimens using millimetres as units

•  Define diffusion
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•  Investigate the factors that influence diffusion, limited to surface area, temperature, concentration gradients and diffusion distance
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•  State that substances move into and out of cells by diffusion through the cell membrane

•  State that water diffuses through partially permeable membranes by osmosis

•  State that water moves in and out of cells by osmosis through the cell membrane
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•  Define osmosis
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•  Investigate and describe the effects on plant tissues of immersing them in solutions of different concentrations
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•  Explain the effects on plant tissues of immersing them in solutions of different concentrations by using the terms turgid, turgor pressure, plasmolysis and flaccid

•  Explain the importance of water potential and osmosis in the uptake of water by plants

•  Explain the importance of water potential and osmosis on animal cells and tissues
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Cell structure and organisation

Cell structure

If a very thin slice of a plant stem is cut and studied under a microscope, it can be seen that the stem consists of thousands of tiny, box-like structures as in Figure B2.1 on the next page. These structures are called cells.
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There is no such thing as a typical plant or animal cell because cells vary a great deal in their size and shape depending on their function. Nevertheless, it is possible to make a drawing like Figure B2.2 (on the next page) to show features which are present in most cells. All cells have a cell membrane, which is a thin boundary enclosing the cytoplasm. Most cells have a nucleus.
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Cytoplasm

Under the ordinary microscope (light microscope), cytoplasm looks like a thick liquid with particles in it. In plant cells it may be seen to be flowing about. The particles may be food reserves such as oil droplets or granules of starch. Other particles are structures known as organelles, which have particular functions in the cytoplasm. In the cytoplasm, a great many chemical reactions are taking place which keep the cell alive by providing energy and making substances that the cell needs.

The liquid part of cytoplasm is about 90% water with molecules of salts and sugars dissolved in it. Suspended in this solution there are larger molecules of fats (lipids) and proteins (see Chapter B3). Lipids and proteins may be used to build up the cell structures, such as the membranes. Some of the proteins are enzymes (see Chapter B4). Enzymes control the rate and type of chemical reactions which take place in the cells. Some enzymes are attached to the membrane systems of the cell, whereas others float freely in the liquid part of the cytoplasm.

Cell membrane

This is a thin layer of cytoplasm around the outside of the cell. It stops the cell contents from escaping and also controls the substances which are allowed to enter and leave the cell. In general, oxygen, food and water are allowed to enter; waste products are allowed to leave and harmful substances are kept out. In this way the cell membrane maintains the structure and chemical reactions of the cytoplasm.

Nucleus (plural: nuclei)

Most cells contain one nucleus, which is usually seen as a rounded structure enclosed in a membrane and embedded in the cytoplasm. In drawings of cells, the nucleus may be shown darker than the cytoplasm because, in prepared sections, it takes up certain stains more strongly than the cytoplasm. The function of the nucleus is to control the type and quantity of enzymes produced by the cytoplasm. In this way it regulates the chemical changes which take place in the cell. As a result, the nucleus determines what the cell will be, for example, a blood cell, a liver cell, a muscle cell or a nerve cell.

The nucleus also controls cell division. A cell without a nucleus cannot reproduce. Inside the nucleus are thread-like structures called chromosomes, which can be seen most easily at the time when the cell is dividing (see Chapter B11 for a fuller account of chromosomes).

Plant cells

A few generalised animal cells are represented by Figure B2.2, while Figure B2.3 on the next page, is a drawing of two palisade cells from a plant leaf. (See ‘Leaf structure’ in Chapter B5.)
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Plant cells differ from animal cells in several ways.


1  Outside the cell membrane they all have a cell wall which contains cellulose and other compounds. It is non-living and allows water and dissolved substances to pass through. The cell wall is not selective like the cell membrane. (Note that plant cells do have a cell membrane but it is not easy to see or draw because it is pressed against the inside of the cell wall (see Figure B2.4).)

Under the microscope, plant cells are quite distinct and easy to see because of their cell walls. In Figure B2.1 it is only the cell walls (and in some cases the nuclei) which can be seen. Each plant cell has its own cell wall but the boundary between two cells side by side does not usually show up clearly. Cells next to each other therefore appear to be sharing the same cell wall.

2  Most mature plant cells have a large, fluid-filled space called a vacuole. The vacuole contains cell sap, a watery solution of sugars, salts and sometimes pigments. This large, central vacuole pushes the cytoplasm aside so that it forms just a thin lining inside the cell wall. It is the outward pressure of the vacuole on the cytoplasm and cell wall which makes plant cells and their tissues firm (see ‘Osmosis’ on p.15). Animal cells may sometimes have small vacuoles in their cytoplasm but they are usually produced to do a particular job and are not permanent.

3  In the cytoplasm of plant cells are many organelles that are not present in animal cells. If they contain the green substance chlorophyll, the organelles are called chloroplasts (see Chapter B5). (Note: the term plastid is not a syllabus requirement.)
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Practical work

Looking at cells


1  Plant cells – preparing a slide of onion epidermis cells



The onion provides a very useful source of epidermal plant tissue which is one cell thick, making it relatively easy to set up as a temporary slide. The onion is made up of fleshy leaves. On the incurve of each leaf there is an epidermal layer which can be peeled off (Figure B2.5a).


•  Using forceps, peel a piece of epidermal tissue from the incurve of an onion bulb leaf.

•  Place the epidermal tissue on a glass microscope slide.

•  Using a scalpel, cut out a 1 cm square of tissue (discarding the rest) and arrange it in the centre of the slide.

•  Add two to three drops of iodine solution. (This will stain any starch in the cells and provides a contrast between different components of the cells.)

•  Using forceps, a mounted needle or a wooden splint, support a coverslip with one edge resting near to the onion tissue, at an angle of about 45° (Figure B2.5b).

•  Gently lower the coverslip over the onion tissue, trying to avoid trapping any air bubbles. (Air bubbles will reflect light when viewing under the light microscope, obscuring the features you are trying to observe.)

•  Leave the slide for about 5 minutes to allow the iodine stain to react with the specimen. The iodine will stain the cell nuclei pale yellow and the starch grains blue.

•  Place the slide on to the microscope stage, select the lowest power objective lens and focus on the specimen. Increase the magnification using the other objective lenses. Under high power, the cells should look similar to those shown in Figure B2.6.

•  Make a large drawing of one cell and label the following parts: cell wall, cell membrane, cytoplasm, nucleus.



An alternative tissue is rhubarb epidermis (Figure B2.5c). This can be stripped off from the surface of a stalk and treated in the same way as the onion tissue. If red epidermis from rhubarb stalk is used, you will see the red cell sap in the vacuoles.
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2  Plant cells – preparing cells with chloroplasts




•  Using forceps, remove a leaf from a moss plant.

•  Place the leaf in the centre of a microscope slide and add one or two drops of water.

•  Place a coverslip over the leaf.

•  Examine the leaf cells with the high power objective of a microscope. The cells should look similar to those shown in Figure B2.7.
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3  Animal cells – preparing human cheek cells



Human cheek cells are constantly being rubbed off inside the mouth as they come in contact with the tongue and food. They can therefore be collected easily for use in a temporary slide.

Note: The Department of Education and Science and, subsequently, Local Authorities, used to recommend that schools should not use the technique which involves studying the epithelial cells which appear in a smear taken from the inside of the cheek. This was because of the very small risk of transmitting the AIDS virus. However, this guidance has now changed. A document, Safety in Science Education (1996) by the DfEE in Britain states that official government guidance on cheek cells has been effectively reversed, indicating that the use of cotton buds is now ‘permitted’ together with appropriate precautions to treat contaminated items with disinfectant or by autoclaving.


•  Rinse your mouth with water to remove any fragments of food.

•  Take a cotton bud from a freshly opened pack. Rub the cotton bud lightly on the inside of your cheek and gums to collect some cheek cells in saliva.

•  Rub the cotton bud on to the centre of a clean microscope slide, to leave a sample of saliva. Repeat if the sample is too small. Then drop the cotton bud into a container of absolute alcohol or disinfectant.

•  Add two to three drops of methylene blue dye. (This will stain parts of the cheek cells to make nuclei more visible.)

•  Using forceps, a mounted needle or wooden splint, support a coverslip with one edge resting near to the cheek cell sample, at an angle of about 45°. Gently lower the coverslip over the tissue, trying to avoid trapping any air bubbles. (Air bubbles will reflect light when viewing under the light microscope, obscuring the features you are trying to observe.)

•  Leave the slide for a few minutes to allow the methylene blue stain to react with the specimen.

•  Place the slide on to the microscope stage, select the lowest power objective lens and focus on the specimen. Increase the magnification using the other objective lenses. Under high power, the cells should look similar to those shown in Figure B2.8, but less magnified.

•  Make a large drawing of one cell and label the following parts: cell membrane, cytoplasm, nucleus.

•  Place your used slide in laboratory disinfectant before washing.
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An alternative method of obtaining cells is to press some transparent sticky tape on to a well-washed wrist. When the tape is removed and studied under the microscope, cells with nuclei can be seen. A few drops of methylene blue solution will stain the cells and make the nuclei more distinct.
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Levels of organisation

Specialisation of cells

Most cells, when they have finished dividing and growing, become specialised. When cells are specialised:


•  they do one particular job

•  they develop a distinct shape

•  special kinds of chemical change take place in their cytoplasm.



The changes in shape and the chemical reactions enable the cell to carry out its special function. Red blood cells and root hair cells are just two examples of specialised cells. Figure B2.9 on the next page shows a variety of specialised cells.


[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]


Tissues

A tissue, such as bone, nerve or muscle in animals, and epidermis, xylem or pith in plants, is made up of many hundreds of cells often of a single type. The cells of each type have a similar structure and function so that the tissue itself can be said to have a particular function; for example, muscles contract to cause movement, xylem carries water in plants.

Organs

Organs consist of several tissues grouped together to make a structure with a special function. For example, the stomach is an organ which contains tissues made from epithelial cells, gland cells and muscle cells. These cells are supplied with food and oxygen brought by blood vessels. The stomach also has a nerve supply. The heart, lungs, intestines, brain and eyes are further examples of organs in animals. In flowering plants, the root, stem and leaves are the organs. The tissues of the leaf include epidermis, palisade tissue, spongy tissue, xylem and phloem (see Chapter B5).

Organ systems

An organ system usually refers to a group of organs whose functions are closely related. For example, the heart and blood vessels make up the circulatory system; the brain, spinal cord and nerves make up the nervous system. In a flowering plant, the stem, leaves and buds make up a system called the shoot.

Organisms

An organism is formed by the organs and systems working together to produce an independent plant or animal.

An example in the human body of how cells, tissues and organs are related is shown in Figure B2.10.
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Size of specimens

The light microscope

Most cells cannot be seen with the naked eye. A hand lens has a magnification of up to ×20, but this is not sufficient to observe the detail in cells. The light microscope (Figure B2.11 on the next page) has two convex lenses, providing magnifications of up to ×1500, although most found in school laboratories will only magnify to ×400. The eyepiece lens is usually ×10 and there is a choice of objective lenses (typically ×4, ×10 and ×40), set in a nosepiece which can be rotated. Light, provided by a mirror or a bulb, is projected through the specimen mounted on a microscope slide. It passes through the objective and eyepieces lenses and the image is magnified so that detail of the specimen can be seen. Coarse and fine focus knobs are used to sharpen the image. Specimens are mounted on microscope slides, which may be temporary or permanent preparations. Temporary slides are quick to prepare, but the specimens dry out quite rapidly, so they cannot be stored successfully. A coverslip (a thin piece of glass) is carefully laid over the specimen. This helps to keep it in place, slows down dehydration and protects the objective lens from moisture or stains. A permanent preparation usually involves dehydrating the specimen and fixing it in a special resin such as Canada Balsam. These types of slides can be kept for many years.
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Calculating magnification

A lens is usually marked with its magnifying power. This indicates how much larger the image will be, compared to the specimen’s actual size. So, if the lens is marked ×10, the image will be ten times greater than the specimen’s real size. Since a light microscope has two lenses, the magnification of both of these lenses needs to be taken into account. For example, if the specimen is viewed using a ×10 eyepiece lens and ×40 objective lens, the total magnification will be 10 × 40 = 400.

When the image is drawn, the drawing is usually much larger than the image, so the overall magnification of the specimen is greater still.
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When performing this type of calculation, make sure that the units of both sizes are the same. If they are different, convert one to make them the same. For example, if the actual size is in millimetres and the observed size is in centimetres, convert the centimetres to millimetres. (There are 10 millimetres in a centimetre.)

You may be required to calculate the actual size of a specimen, given a drawing or photomicrograph and a magnification.
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When you state the answer, make sure you quote the units (which will be the same as those used for measuring the observed size).
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Questions


1  a  What structures are usually present in both animal and plant cells?




b  What structures are present in plant cells but not in animal cells?




2  What cell structure is largely responsible for controlling the entry and exit of substances into or out of the cell?

3  In what way does the red blood cell shown in Figure B2.9d differ from most other animal cells?

4  In order to see cells clearly in a section of plant tissue, which magnification would you have to use?




A  ×5

B  ×10

C  ×100

D  ×1000
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Movement in and out of cells

Cells need food materials which they can oxidise for energy or use to build up their cell structures. They also need salts and water, which play a part in chemical reactions in the cell. Finally, they need to get rid of substances such as carbon dioxide, which, if they accumulated in the cell, would upset some of the chemical reactions or even poison the cell.

Substances may pass through the cell membrane passively by diffusion.

Diffusion
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Key definition


Diffusion is the net movement of particles from a region of their higher concentration to a region of their lower concentration down a concentration gradient, as a result of their random movement.
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The molecules of a gas such as oxygen are moving about all the time. So are the molecules of a liquid or a substance such as sugar dissolved in water. As a result of this movement, the molecules spread themselves out evenly to fill all the available space (Figure B2.12).
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This process is called diffusion. One effect of diffusion is that the molecules of a gas, a liquid or a dissolved substance will move from a region where there are a lot of them (i.e. concentrated) to regions where there are few of them (i.e. less concentrated) until the concentration everywhere is the same. Figure B2.13a is a diagram of a cell with a high concentration of molecules (e.g. oxygen) outside and a low concentration inside. The effect of this difference in concentration is to make the molecules diffuse into the cell until the concentration inside and outside is the same, as shown in Figure B2.13b.
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Whether this will happen or not depends on whether the cell membrane will let the molecules through. Small molecules such as water (H2O), carbon dioxide (CO2) and oxygen (O2) can pass through the cell membrane fairly easily. So diffusion tends to equalise the concentration of these molecules inside and outside the cell all the time.

When a cell uses oxygen for its aerobic respiration, the concentration of oxygen inside the cell falls and so oxygen molecules diffuse into the cell until the concentration is raised again. During tissue respiration, carbon dioxide is produced and so its concentration inside the cell increases. Once again diffusion takes place, but this time the molecules move out of the cell. In this way, diffusion can explain how a cell takes in its oxygen and gets rid of its carbon dioxide.
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Rates of diffusion

Molecules and ions in liquids and gases move around randomly using kinetic energy (energy from movement). The speed with which a substance diffuses through a cell wall or cell membrane will depend on temperature and many other conditions including the distance it has to diffuse, the difference between its concentration inside and outside the cell, the size of its molecules or ions and the surface area across which the diffusion is occurring.

Surface area

If 100 molecules diffuse through 1 mm2 of a membrane in 1 minute, it is reasonable to suppose that an area of 2 mm2 will allow twice as many through in the same time. Thus the rate of diffusion into a cell will depend on the cell’s surface area. The greater the surface area, the faster is the total diffusion. Cells which are involved in rapid absorption, such as those in the kidney or the intestine, often have their ‘free’ surface membrane formed into hundreds of tiny projections called microvilli (see Figure B2.14 on the next page) which increase the absorbing surface.
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The shape of a cell will also affect the surface area. For example, the cell in Figure B2.15a has a greater surface area than that in Figure B2.15b, even though they each have the same volume.
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Temperature

An increase in temperature causes an increase in the kinetic energy which molecules and ions possess. This enables them to move faster, so the process of diffusion speeds up.

Concentration gradient

The bigger the difference in the concentration of a substance on either side of a membrane, the faster it will tend to diffuse. The difference is called a concentration gradient or diffusion gradient (Figure B2.16). If a substance on one side of a membrane is steadily removed, the diffusion gradient is maintained. When oxygen molecules enter a red blood cell they combine with a chemical (haemoglobin) which takes them out of solution. Thus the concentration of free oxygen molecules inside the cell is kept very low and the diffusion gradient for oxygen is maintained.
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Distance

Cell membranes are all about the same thickness (approximately 0.007 µm) but plant cell walls vary in their thickness and permeability. Generally speaking, the thicker the wall, the slower the rate of diffusion. When oxygen diffuses from the alveoli of the lungs into red blood cells, it has to travel through the cell membranes of the alveoli, the blood capillaries and the red blood cells in addition to the cytoplasm of each cell. This increased distance slows down the diffusion rate.
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Practical work

Experiments on diffusion


1  Diffusion and surface area




•  Use a block of starch agar or gelatine at least 3 cm thick. Using a ruler and a sharp knife, measure and cut four cubes from the jelly with sides of 3.0 cm, 2.0 cm, 1.0 cm and 0.5 cm.

•  Place the cubes into a beaker of methylene blue dye or potassium permanganate solution.

•  After 15 minutes, remove the cubes with forceps and place them on to a white tile.

•  Cut each of the cubes in half and measure the depth to which the dye has diffused.

•  Calculate the surface area and volume of each cube and construct a table of your data. Remember to state the units in the heading for each column.



Question

Imagine that these cubes were animals, with the jelly representing living cells and the dye representing oxygen. Which of the ‘animals’ would be able to survive by relying on diffusion through their surface to provide them with oxygen?


2  Diffusion and temperature




•  Set up two beakers with equal volumes of hot water and iced water.

•  Add a few grains of potassium permanganate to each beaker and observe how rapidly the dissolved dye spreads through each column of water. An alternative is to use tea bags.



Question

Give an explanation for the results you observed.


3  Diffusion and concentration gradients and distance




•  Push squares of wetted red litmus paper with a glass rod or wire into a wide glass tube which is at least 30 cm long and corked at one end, so that they stick to the side and are evenly spaced out, as shown in Figure B2.17. (It is a good strategy to mark 2 cm intervals along the outside of the tube, starting at 10 cm from one end, with a permanent marker or white correction fluid before inserting the litmus paper.)
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•  Close the open end of the tube with a cork carrying a plug of cotton wool saturated with a strong solution of ammonia. Start a stop watch.

•  Observe and record the time when each square of litmus starts to turn blue in order to determine the rate at which the alkaline ammonia vapour diffuses along the tube.

•  Repeat the experiment using a dilute solution of ammonia.

•  Plot both sets of results on a graph, labelling each plot line.



Questions


1  Which ammonia solution diffused faster? Can you explain why?

2  Study your graph. What happened to the rate of diffusion as the ammonia travelled further along the tube? Can you explain why?




4  Diffusion and particle size




•  Take a 15 cm length of dialysis tubing which has been soaked in water and tie a knot tightly at one end.

•  Use a dropping pipette to partly fill the tubing with a mixture of 1% starch solution and 1% glucose solution.

•  Rinse the tubing and test-tube under the tap to remove all traces of starch and glucose solution from the outside of the dialysis tubing.

•  Put the tubing in a boiling tube and hold it in place with an elastic band as shown in Figure B2.18.

•  Fill the boiling tube with water and leave for 30 minutes.

•  Use separate teat pipettes to remove samples of liquid from the dialysis tubing and the boiling tube. Test both samples with iodine solution and Benedict’s reagent.
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Result

The liquid inside the dialysis tubing goes blue with iodine solution and may give a positive Benedict’s test, but the sample from the boiling tube only gives a positive Benedict’s test.

Interpretation

The blue colour is characteristic of the reaction which takes place between starch and iodine, and is used as a test for starch. A positive Benedict’s test gives a colour change from blue to cloudy green, yellow or brick red (see Chapter B3). The results show that glucose molecules have passed through the dialysis tubing into the water but the starch molecules have not moved out of the dialysis tubing. This is what we would expect if the dialysis tubing was partially permeable on the basis of its pore size. Starch molecules are very large (see Chapter B3) and probably cannot get through the pores. Glucose molecules are much smaller and can, therefore, get through.
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Osmosis

If a dilute solution is separated from a concentrated solution by a partially permeable membrane, water diffuses across the membrane from the dilute to the concentrated solution. This is known as osmosis and is shown in Figure B2.19 on the next page.
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A partially permeable membrane is porous but allows water to pass through more rapidly than dissolved substances.

Since a dilute solution contains, in effect, more water molecules than a concentrated solution, there is a diffusion gradient which favours the passage of water from the dilute solution to the concentrated solution.

In living cells, the cell membrane is partially permeable and the cytoplasm and vacuole (in plant cells) contain dissolved substances. As a consequence, water tends to diffuse into cells by osmosis if they are surrounded by a weak solution, e.g. fresh water. If the cells are surrounded by a stronger solution, e.g. sea water, the cells may lose water by osmosis. These effects are described more fully later.

Animal cells

In Figure B2.20 an animal cell is shown very simply. The coloured circles represent molecules in the cytoplasm. They may be sugar, salt or protein molecules. The blue circles represent water molecules.
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The cell is shown surrounded by pure water. Nothing is dissolved in the water; it has 100% concentration of water molecules. So the concentration of free water molecules outside the cell is greater than that inside and, therefore, water will diffuse into the cell by osmosis.

The membrane allows water to go through either way. So in our example, water can move into or out of the cell.

The cell membrane is partially permeable to most of the substances dissolved in the cytoplasm. So although the concentration of these substances inside may be high, they cannot diffuse freely out of the cell.

The water molecules move into and out of the cell, but because there are more of them on the outside, they will move in faster than they move out. The liquid outside the cell does not have to be 100% pure water. As long as the concentration of water outside is higher than that inside, water will diffuse in by osmosis.

Water entering the cell will make it swell up and, unless the extra water is expelled in some way, the cell will burst.

Conversely, if the cells are surrounded by a solution which is more concentrated than the cytoplasm, water will pass out of the cell by osmosis and the cell will shrink. Excessive uptake or loss of water by osmosis may damage cells.

Plant cells

The cytoplasm of a plant cell and the cell sap in its vacuole contain salts, sugars and proteins which effectively reduce the concentration of free water molecules inside the cell. The cell wall is freely permeable to water and dissolved substances but the cell membrane of the cytoplasm is partially permeable. If a plant cell is surrounded by water or a solution more dilute than its contents, water will pass into the vacuole by osmosis. The vacuole will expand and press outwards on the cytoplasm and cell wall. The cell wall of a mature plant cell cannot be stretched, so there comes a time when the inflow of water is resisted by the inelastic cell wall, as shown in Figure B2.21.
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This has a similar effect to inflating a soft bicycle tyre. The tyre represents the firm cell wall, the floppy inner tube is like the cytoplasm and the air inside corresponds to the vacuole. If enough air is pumped in, it pushes the inner tube against the tyre and makes the tyre hard.
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When plant cells have absorbed a maximum amount of water by osmosis, they become very rigid, due to the pressure of water pressing outwards on the cell wall. The end result is that the stems and leaves are supported. If the cells lose water there is no longer any water pressure pressing outwards against the cell walls and the stems and leaves are no longer supported. At this point, the plant becomes limp and wilts (see Figure B2.22).
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Practical work

Experiments on osmosis

Some of the experiments use ‘Visking’ dialysis tubing. It is made from cellulose and is partially permeable, allowing water molecules to diffuse through freely, but restricting the passage of dissolved substances to varying extents.


1  Osmosis and water flow




•  Take a 20 cm length of dialysis tubing which has been soaked in water and tie a knot tightly at one end.

•  Place 3 cm3 of a strong sugar solution in the tubing using a plastic syringe and add a little coloured dye.

•  Fit the tubing over the end of a length of capillary tubing and hold it in place with an elastic band. Push the capillary tubing into the dialysis tubing until the sugar solution enters the capillary.

•  Now clamp the capillary tubing so that the dialysis tubing is totally immersed in a beaker of water, as shown in Figure B2.23.

•  Watch the level of liquid in the capillary tubing over the next 10–15 minutes.
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Result

The level of liquid in the capillary tube rises.

Interpretation

Water must be passing into the sugar solution from the beaker. This is what you would expect when a concentrated solution is separated from water by a partially permeable membrane.

A process similar to this might be partially responsible for moving water from the roots to the stem of a plant.


2  The effects of water and sugar solution on potato tissue

•  Push a No.4 or No.5 cork borer into a large potato.
Caution: Do not hold the potato in your hand but use a board as in Figure B2.24a on the next page.

•  Push the potato tissue out of the cork borer using a pencil as in Figure B2.24b. Prepare a number of potato cylinders in this way and choose the two longest. (They should be at least 50 mm long.) Cut these two accurately to the same length, e.g. 50, 60 or 70 mm. Measure carefully.

•  Label two test-tubes A and B and place a potato cylinder in each. Cover the potato tissue in tube A with water; cover the tissue in B with a 20% sugar solution.

•  Leave the tubes for 24 hours.

•  After this time, remove the cylinder from tube A and measure its length. Notice also whether it is firm or flabby. Repeat this for the potato in tube B, but rinse it in water before measuring it.
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Result

The cylinder from tube A should have gained a millimetre or two and feel firm. The cylinder from tube B should be a millimetre or two shorter and feel flabby.

Interpretation

The cells of the potato in tube A have absorbed water by osmosis, causing an increase in the length of the potato cylinder.

In tube B, the sugar solution is stronger than the cell sap of the potato cells, so these cells have lost water by osmosis, resulting in the potato cylinder becoming flabby and shorter.

An alternative to measuring the potato cores is to weigh them before and after the 24 hours’ immersion in water or sugar solution. The core in tube A should gain weight and that in tube B should lose weight. It is important to blot the cores dry with a paper towel before weighing them.

Whichever method is used, it is a good idea to pool the results of the whole class since the changes may be quite small. A gain in length of 1 or 2 mm might be due to an error in measurement, but if most of the class record an increase in length, then experimental error is unlikely to be the cause.
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Key definition


Osmosis is the net movement of water molecules from a region of higher water potential (a dilute solution) to a region of lower water potential (a concentrated solution) through a partially permeable membrane.
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How osmosis works

When a substance such as sugar dissolves in water, the sugar molecules attract some of the water molecules and stop them moving freely. This, in effect, reduces the concentration of water molecules. In Figure B2.25 the sugar molecules on the right have ‘captured’ half the water molecules. There are more free water molecules on the left of the membrane than on the right, so water will diffuse more rapidly from left to right across the membrane than from right to left.
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The partially permeable membrane does not act like a sieve in this case. The sugar molecules can diffuse from right to left but, because they are bigger and surrounded by a cloud of water molecules, they diffuse more slowly than the water, as shown in Figure B2.26.
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Water potential

The water potential of a solution is a measure of whether it is likely to lose or gain water molecules from another solution. A dilute solution, with its high proportion of free water molecules, is said to have a higher water potential than a concentrated solution, because water will flow from the dilute to the concentrated solution (from a high potential to a low potential). Pure water has the highest possible water potential because water molecules will flow from it to any other aqueous solution, no matter how dilute. When adjacent cells contain sap with different water potentials, a water potential gradient is created. Water will move from a cell with a higher water potential (a more dilute solution) to a cell with a lower water potential (a more concentrated solution). This is thought to be one way in which water moves from root hair cells through to the xylem of a plant root (see Figure B7.9 on p. 78).


The importance of water potential and osmosis in the uptake of water by plants

A plant cell with the vacuole pushing out on the cell wall is said to be turgid and the vacuole is exerting turgor pressure on the inelastic cell wall.

If all the cells in a leaf and stem are turgid, the stem will be firm and upright and the leaves held out straight. If the vacuoles lose water for any reason, the cells will lose their turgor and become flaccid. (See Experiment 2 ‘Plasmolysis’ on p. 21.) If a plant has flaccid cells, the leaves will be limp and the stem will droop. A plant which loses water to this extent is said to be ‘wilting’ (see Figure B2.22).

Root hair cells are in contact with water trapped between soil particles. When the water potential of the cell sap is lower than that of the soil water, the water will enter the cells by osmosis providing the plant with the water it needs. (This process is described in more detail in ‘Water uptake’ in Chapter B7.)

When a farmer applies chemical fertilisers to the soil, the fertilisers dissolve in the soil water. Too much fertiliser can lower the osmotic potential of the soil water. This can draw water out of the plant root hair cells by osmosis, leading to wilting and death of crop plants.

Irrigation of crops can have a similar effect. Irrigation which provides just enough water for the plant can lead to a build-up of salts in the soil. The salts will eventually cause the soil water to have a lower water potential than the plant root cells. Crops can then no longer be grown on the land, because they wilt and die because of water loss by osmosis. Much agricultural land in hot countries has become unusable due to the side-effects of irrigation (Figure B2.27).
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Some countries apply salt to roads in the winter to prevent the formation of ice (Figure B2.28 on the next page). However, vehicle wheels splash the salt on to plants at the side of the road. The build-up of salts in the roadside soil can kill plants living there, due to water loss from the roots by osmosis.
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The importance of water potential and osmosis in animal cells and tissues

It is vital that the fluid which bathes cells in animals, such as the fluid surrounding cells or blood plasma, has the same water potential as the cell contents. This prevents any net flow of water into or out of the cells. If the bathing fluid has a higher water potential (a weaker concentration) than the cells, water will move into the cells by osmosis causing them to swell up. As animal cells have no cell wall and the membrane has little strength, water would continue to enter and the cells will eventually burst (a process called haemolysis in red blood cells).

When surgeons carry out operations on a patient’s internal organs, they sometimes need to rinse a wound. Pure water cannot be used as this would enter any cells it came into contact with and cause them to burst. A saline solution, with the same water potential as fluid surrounding cells, has to be used.

In England in 1995, a teenager called Leah Betts (Figure B2.29) collapsed after taking an Ecstasy tablet. One of the side-effects of taking Ecstasy is that the brain thinks the body is dehydrating so the person becomes very thirsty. Leah drank far too much water: over 7 litres (12 pints) in 90 minutes. Her kidneys could not cope and the extra water in her system diluted her blood. Her brain cells took in water by osmosis, causing them to swell up and burst. She died hours later.
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During physical activity, the body may sweat in order to maintain a steady temperature. If liquids are not drunk to compensate for water loss through sweating, the body can become dehydrated. Loss of water from the blood results in the plasma becoming more concentrated (its water potential decreases). Water is then drawn out of the red blood cells by osmosis. The cells become plasmolysed. Their surface area is reduced, causing them to be less effective in carrying oxygen. The shape of the cells is known as being crenated (see Figure B2.30).
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People doing sport sometimes use sports drinks (Figure B2.31) which are isotonic (they have the same water potential as body fluids). The drinks contain water, salts and glucose and are designed to replace lost water and salts, as well as providing energy, without creating osmotic problems to body cells. However, use of such drinks when not exercising vigorously can lead to weight gain in the same way as the prolonged use of any sugar-rich drink.
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Practical work

Further experiments on osmosis


1  Osmosis and turgor




•  Take a 20 cm length of dialysis tubing which has been soaked in water and tie a knot tightly at one end.

•  Place 3 cm3 of a strong sugar solution in the tubing using a plastic syringe (Figure B2.32a) and then knot the open end of the tube (Figure B2.32b). The partly-filled tube should be quite floppy (Figure B2.32c).

•  Place the tubing in a test-tube of water for 30–45 minutes.

•  After this time, remove the dialysis tubing from the water and note any changes in how it looks or feels.
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Result

The tubing will become firm, distended by the solution inside.

Interpretation

The dialysis tubing is partially permeable and the solution inside has fewer free water molecules than outside. Water has, therefore, diffused in and increased the volume and the pressure of the solution inside.

This is a crude model of what is thought to happen to a plant cell when it becomes turgid. The sugar solution represents the cell sap and the dialysis tubing represents the cell membrane and cell wall combined.


2  Plasmolysis




•  Peel a small piece of epidermis (the outer layer of cells) from a red area of a rhubarb stalk (see Figure B2.5c on p. 8).

•  Place the epidermis on a slide with a drop of water and cover with a coverslip (see Figure B2.5b).

•  Put the slide on a microscope stage and find a small group of cells.

•  Place a 30% solution of sugar at one edge of the coverslip with a pipette and then draw the solution under the coverslip by placing a piece of blotting paper on the opposite side, as shown in Figure B2.33.
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•  Study the cells you identified under the microscope and watch for any changes in their appearance.



Result

The red cell sap will appear to shrink and get darker and pull the cytoplasm away from the cell wall leaving clear spaces. (It is not possible to see the cytoplasm but its presence can be inferred from the fact that the red cell sap seems to have a distinct outer boundary in those places where it has separated from the cell wall.) Figure B2.34 shows the turgid and plasmolysed cells.
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Interpretation

The interpretation in terms of osmosis is outlined in Figure B2.35. The cells are said to be plasmolysed.
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The plasmolysis can be reversed by drawing water under the coverslip in the same way that you drew the sugar solution under. It may need two or three lots of water to flush out all the sugar. If you watch a group of cells, you should see their vacuoles expanding to fill the cells once again.

Rhubarb is used for this experiment because the coloured cell sap shows up. If rhubarb is not available, the epidermis from a red onion scale can be used.


3  The effects of varying the concentration of sucrose solution on potato tissue




•  Push a No.4 or No.5 cork borer into a large potato.
Caution: Do not hold the potato in your hand, but use a board as in Figure B2.24a on p.18.

•  Push the potato tissue out of the cork borer using a pencil as in Figure B2.24b. Prepare six potato cylinders in this way and cut them all to the same length. (They should be at least 50 mm long.) Measure them carefully.

•  Label six test-tubes with the concentration of sucrose solution in them (e.g. 0.0 mol/dm3, 0.2 mol/dm3, 0.4 mol/dm3, 0.6 mol/dm3, 0.8 mol/dm3 and 1.0 mol/dm3) and place them in a test-tube rack.

•  Add the same volume of the correct sucrose solution to each test-tube.

•  Weigh a cylinder of potato, record its mass and place it in the first test-tube. Repeat until all the test-tubes have been set up.

•  Leave the tubes for at least 30 minutes.

•  After this time, remove the potato cylinder from the first tube, surface dry the potato and re-weigh it. Notice also whether it is firm or flabby. Repeat this for the other potato cylinders.

•  Calculate the change in mass and the percentage change in mass for each cylinder.
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•  Plot the results on a graph with sucrose concentration on the horizontal axis and percentage change in mass on the vertical axis.
Note: there will be negative as well as positive percentage changes in mass, so your graph axes will have to allow for this.



Result

The cylinders in the weaker sucrose solutions will have gained mass and feel firm. One of the cylinders may have shown no change in mass. The cylinders in the more concentrated sucrose solutions will have lost mass and feel limp.

Interpretation

If the cells of the potato have absorbed water by osmosis, there will be an increase in the mass of the potato cylinder. This happens when the external solution has a higher water potential than that inside the potato cells. (The sucrose solution is less concentrated than the contents of the potato cells.) Water molecules move into each cell through the cell membrane. The water molecules move from a higher water potential to a lower water potential. The cells become turgid, so the cylinder feels firm.

If the cells of the potato have lost water by osmosis, there will be a decrease in mass of the potato cylinder. This happens when the external solution has a lower water potential than that inside the potato cells. (The sucrose solution is more concentrated than the contents of the potato cells.) Water molecules move out of each cell through the cell membrane. The water molecules move from a higher water potential to a lower water potential. The cells become plasmolysed or flaccid, so the cylinder feels flabby.

Question

Study your graph. Can you predict the sucrose concentration which would be equivalent to the concentration of the cell sap in the potato cells?
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Questions


5  A 10% solution of copper sulfate is separated by a partially permeable membrane from a 5% solution of copper sulfate. Will water diffuse from the 10% solution to the 5% solution or from the 5% solution to the 10% solution? Explain your answer.





6  If a fresh beetroot is cut up, the pieces washed in water and then left for an hour in a beaker of water, little or no red pigment escapes from the cells into the water. If the beetroot is boiled first, the pigment does escape into the water. Bearing in mind the properties of a living cell membrane, offer an explanation for this difference.






7  In Experiment 1 (Figure B2.23), what do you think would happen in these cases?




a  much stronger sugar solution was placed in the cellulose tube.

b  The beaker contained a weak sugar solution instead of water.

c  The sugar solution was in the beaker and the water was in the cellulose tube.





8  In Experiment 1, the column of liquid accumulating in the capillary tube exerts an ever-increasing pressure on the solution in the dialysis tubing. Bearing this in mind and assuming a very long capillary, at what stage would you expect the net flow of water from the beaker into the dialysis tubing to cease?

9  When doing experiments with animal tissues they are usually bathed in Ringer’s solution, which has a concentration similar to that of blood or fluid surrounding cells.
Why do you think this is necessary?
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Checklist

After studying Chapter B2 you should know and understand the following.


•  Living organisms are made up of cells.

•  All cells contain cytoplasm enclosed in a cell membrane.

•  The membrane controls what substances enter and leave the cell.

•  Most cells have a nucleus, which contains DNA, and controls cell division and the cell’s activities.

•  Many chemical reactions take place in the cytoplasm to keep the cell alive.

•  Plant cells have a cellulose cell wall, a large central vacuole and some have chloroplasts, to trap light energy for photosynthesis. The cell wall is permeable and prevents the cell from bursting. The vacuole contains salts and sugars and helps to keep the cell firm.

•  The magnification of a specimen can be calculated if the actual size and the size of the image are known.

•  Diffusion is the result of particles moving about.

•  Particles diffuse from a region where they are very concentrated to a region where they are less concentrated, down a concentration gradient, as a result of their random movement.

•  Substances may move into and out of cells by diffusion through the cell membrane.

•  Osmosis is the diffusion of water through a partially permeable membrane. Water can move in and out of cells by osmosis.

•  Cells take up water from dilute solutions but lose water to concentrated solutions because of osmosis.
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•  Cells are often specialised in their shapes and activities to carry out particular jobs.

•  Large numbers of similar cells packed together form a tissue.

•  Different tissues arranged together form organs.

•  A group of related organs makes up a system.

•  Ciliated cells, root hair cells, palisade mesophyll cells, red blood cells and sperm and egg cells have special structures which are related to their functions.

•  Osmosis is the diffusion of water from a region of higher water potential (dilute solution) to a region of lower water potential (concentrated solution), through a partially permeable membrane.

•  Factors affecting diffusion include surface area, temperature, concentration gradients and diffusion distance.





•  Understand the terms turgid, turgor pressure, plasmolysis and flaccid.

•  Understand the importance of water potential and osmosis on animal and plant cells, including the role of turgor pressure in cells to provide support in plants.
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Figure B2.23 Demonstration of osmosis.
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Figure B2.26 The diffusion theory of osmosis.
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Figure B2.13 Molecules entering a cell by diffusion.
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Figure B2.1 Longitudinal section through the tip of a plant shoot (x60)
The slice is only one cell thick, so light can pass through it and allow the
cells to be seen dlearly.





OEBPS/images/4-1.jpg





OEBPS/images/2-1.jpg





OEBPS/images/11-1a.gif
Oesophagus

stomach lining
muscle layer

stomach
b an organ - the stomach,
from the digestive system

(cut open to show the
lining and the muscle layer)

small
intestine

large
intestine

longitudinal
muscle

% o CpomElEs

of stomach wall with
a  asystem - the digestive system d cells - some muscle cells muscle tissue and
of the human organism from the muscle tissue gland tissue

Figure B2.10  An example of how cells, tissues and organs are related.
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Figure B2.20 Osmosis in an animal cell.
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Figure B2.21 Osmosis in a plant cell.





OEBPS/images/18-1.gif
a place the potato on a board

b push the potato cylinder out with a pencil
Figure B2.24 Obtaining cylinders of potato tissue.





OEBPS/images/18-2.gif
water molecule  partially permeable  sugar molecule

i l:’: ..:‘}m:”:"e. o. :é.
AL
.0...: ..o :.C: ° ..d

Figure B2.25 The diffusion gradient for water. There are more free water
molecules on the left, so more will diffuse from left to right thanin the other
direction. Sugar molecules will diffuse more slowly from right to left.
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Figure B2.9 Specialised cells (not to scale).
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Figure B2.4  Structure of a palisade mesophyll cell. Itis important to
remember that, although cells look flat in sections or in thin strips of
tissue, they are in fact three-dimensional and may seem to have different
shapes according to the direction in which the section is cut. If the cell is
cut across it will look like b; if cut longitudinally it will look like a.
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Table B2.1

Summary: the parts ot a cell

Name of part

Description

Where found

Function
(supplement only)

cytoplasm

jelly-like, with particles and organelles in

enclosed by the cell
membrane

contains the cell organelles, e.g. mitochondria, nucleus
site of chemical reactions

cell membrane

a partially permeable layer that forms a

around the cytoplasm

prevents cell contents from escaping

some plant cells

3 boundary around the cytoplasm controls what substances enter and leave the cell
nucleus a dircular or oval structure containing | inside the cytoplasm | controls cell division
DNAn the form of chromosomes controls cell development
controls cell activities
o | cellwal a tough, non-living layer made of around the outside of | prevents plant cells from bursting
H cellulose surrounding the cell membrane | plant cells allows water and salts to pass through (freely permeable)
2 [vacuole a fluid-filled space surrounded by a inside the cytoplasm of | contains salts and sugars
g membrane plant cells helps to keep plant cells firm
5 [ chloroplast | an organelle containing chlorophyl inside the cytoplasm of | traps light energy for photosynthesis
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Figure B2.15 Surface area. The cells both have the same
volume but the cell in a has a much greater surface area.
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Figure B2.3 Palisade cells from a leaf.
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Figure B2.5 Looking at plant cells.
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Figure B2.19 Osmosis. Water wil diffuse from the dilute solution to the
concentrated solution through the partially permeable membrane. As a
result. the liquid level will rise on the left and fall on the right.
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Figure B2.11 A light microscope.
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Figure B2.34 Demonstration of plasmolysis in rhubarb cells.
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b Plasmolysed cell (x100). The same cells as they appear after
treatment with sugar solution. The vacuole has lost water by osmosis,
shrunk and pulled the cytoplasm away from the cell wal
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Figure B2.32 Experiment to illustrate turgor in a plant cell.
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Figure B2.35  Plasmolysis.





