



[image: image]









[image: ]






 


Dedication


Andrew Davis – For Alice, Alexander and Freya


Patricia Deo – For Cesar, for his constant understanding, patience and support, and to Liz, to whom I owe so much




 


Whilst every effort has been made to carefully check the instructions for practical work described in this book, it is still the duty and legal obligation of schools to carry out their own risk assessment in accordance with local health and safety requirements. The publishers accept no legal responsibility on any issue arising from their check.


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) 01235 827720. Fax: (44) 01235 400454. Lines are open from 9.00–5.00, Monday to Saturday, with a 24 hour message answering service. You can also order through our website www.hoddereducation.com


© Andrew Davis and Patricia Deo 2015


Published by Hodder Education


An Hachette UK Company


Carmelite House, 50 Victoria Embankment, London EC4Y 0DZ






	Impression number  

	5 4 3 2 1






	Year

	2018 2017 2016 2015







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 © Mint Images – Frans Lanting


Illustrations by DC Graphic Design Limited and Oxford Designers & Illustrators


Typeset in Frutiger LT Std 45 Light 10/14pt by DC Graphic Design Limited, Hextable, Kent


Printed in Slovenia


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


ISBN: 9781471841705
eISBN: 9781471841712





How to use this book


Welcome to Hodder Education’s MYP by Concept Series! Each chapter is designed to lead you through an inquiry into the concepts of biology, and how they interact in real-life global contexts.
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KEY WORDS


Key words are included to give you access vocabulary for the topic. Glossary terms are highlighted and, where applicable, search terms are given to encourage independent learning and research skills.
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As you explore, activities suggest ways to learn through action.
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ATL


Activities are designed to develop your Approaches to Learning (ATL) skills.
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Assessment opportunities in this chapter:


Some activities are formative as they allow you to practise your learning for the MYP Sciences Assessment Objectives. Other activities can be used by you or your teachers to assess your achievement summatively against all parts of a learning objective.
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Key Approaches to Learning skills for MYP Sciences are highlighted whenever we encounter them.
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Hint


In some of the activities, we provide hints to help you work on the assignment. This also introduces you to the new Hint feature in the on-screen assessment.
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Definitions are included for important terms and information boxes are included to give background information, more detail and explanation.


[image: ]







[image: ]


EXTENSION


Extension activities allow you to explore a topic further.
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Take action


Guidance is given throughout the book about how to apply your knowledge of the scientific process to real-life situations. While the book provides many opportunities to apply the knowledge you have learnt in practical ways, you must be an active part in this process. Activities help you explain the ways in which biology can be applied and used, and also to discuss and evaluate the implications of using biological principles to address specific issues. This should give you a better understanding of the issues facing biologists in the twenty-first century. By engaging in these activities, you will also learn the value of consistently applying scientific language to communicate understanding clearly and precisely.
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You are prompted to consider your conceptual understanding in a variety of activities throughout each chapter.
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Links to:


Like any other subject, Biology is just one part of our bigger picture of the world. Links to other subjects are discussed.
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We will reflect on this learner profile attribute …


Each chapter has a IB learner profile attribute as its theme, and you are encouraged to reflect on these too.


[image: ]





Finally, at the end of the chapter you are asked to reflect back on what you have learnt with our Reflection table, maybe to think of new questions brought to light by your learning.


We have incorporated Visible Thinking – ideas, framework, protocol and thinking routines – from Project Zero at the Harvard Graduate School of Education into many of our activities.
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  Relationships  


  Patterns; Function  


  Identities and relationships  



1 How is life organized?


Your identity is determined by the relationship between different levels of organization in your body which, although differing in complexity, share patterns and functions with all life on Earth.
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IN THIS CHAPTER, WE WILL …





•  Find out:









    •  how the identify of an organism is determined by the parts it is made up from;



    •  what determines whether something is alive or not.








•  Explore how living things are classified into groups with similar identities.



•  Take action by finding out whether it is possible to create artificial life.
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CONSIDER AND ANSWER THESE QUESTIONS:


Factual: What are the characteristics of living things? What are cells and how are they structured? What roles do cells carry out? What are the characteristics and functions of different cells, tissues and organs? How are organisms grouped and classified?


Conceptual: What determines whether something is alive or not? Are viruses alive? How does cell structure relate to function? What does it mean for organisms to be ‘related’? What characteristics make some organisms more closely related than others?


Debatable: Should scientists use new research to reclassify organisms? Are humans a special form of life? Will it be possible to create artificial life?


Now share and compare your thoughts and ideas with your partner, or with the whole class.
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These Approaches to Learning (ATL) skills will be useful …




•  Critical-thinking skills


•  Creative-thinking skills


•  Organization skills
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KEY WORDS


embryonic


hierarchy


multicellular


organization


physical


unicellular


[image: ]








[image: ]


We will reflect on this learner profile attribute …




•  Thinkers – using critical- and creative-thinking skills to analyse problems.
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Assessment opportunities in this chapter:




•  Criterion A: Knowing and understanding


•  Criterion C: Processing and evaluating


•  Criterion D: Reflecting on the impacts of science
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ACTIVITY: Alive or not?


Look at Figure 1.2. It will be clear which ones show something that is living and which show something that is non-living. What characteristics define whether something is ‘alive’ or not? Make a checklist that you could give to our friendly alien so they could use it to establish whether something is living or not.
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Now you have reminded yourself of the characteristics of living things, how could you use these to explain to an extra-terrestrial that stalactites and stalagmites growing in a cave are not living, yet corals are?
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WHAT DOES IT MEAN ‘TO BE ALIVE’?


Suppose, for a moment, that an alien from another planet landed on Earth – how would it be able to tell whether something is living or not?
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What are the characteristics of living things?
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Robert Hooke was a pioneer of cell biology. He was fascinated by microscopy, and developed a microscope to observe the structure of cork. He drew and described cork cells, and measured their size. He was the first person to use the term ‘cells’ to describe the basic building blocks of life.


In 1665 he published a book of all his drawings made using his microscopes: it became the first scientific best-seller, and inspired a wide public interest in the new science of microscopy. Hooke was also famous for discovering the law of elasticity, which describes the linear variation of tension with extension in an elastic spring: the law still bears his name.
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In this chapter, we will compare our physical (biological) identity with that of other organisms to understand what it means to be human. In order to begin this process, we must understand how organisms are structured, from the simplest to the most complex level. Although they vary in form and function, cells are the basic building blocks of life. The idea that cells are the unit of structure and function from which organisms are made is known as ‘the cell theory’. Cell theory states that:





•  cells are the building blocks of structure in living things



•  cells are the smallest unit of life



•  cells are made from other cells by division.





Key scientists in the development of cell theory were Robert Hooke (born 1635), Antonie van Leeuwenhoek (born 1632) and Louis Pasteur (born 1822).
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ACTIVITY: Are viruses alive?
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ATL




•  Creative-thinking skills: Apply existing knowledge to generate new ideas
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In this activity you will apply your knowledge of living things to answer the problem: are viruses alive or not? Viruses are minute particles that can infect animal and plants cells. One group, the bacteriophages, attack bacteria cells. Viruses are a variety of different shapes and sizes.


The word comes from the Latin virus, meaning ‘to poison’. Typically, viruses carry a small amount of nucleic acid (either DNA or RNA) surrounded by a protective coat of protein. Some viruses use the cell membrane of the host cell they infect to form their own membrane.


Use the Internet to research viruses. Do viruses carry out life processes? How do they live? Can they exist on their own?


Use the information you have found to write about whether you think viruses can be described as ‘alive’ or not. Summarize your views in one paragraph. To do this you can apply the following thought process:





•  Describe the characteristics that determine whether something is alive or not.



•  Interpret the information that you have found about viruses to make scientifically supported judgements about whether you think viruses are alive or not.





Note: there is no ‘right’ answer! Now share your ideas with your neighbour, and then feedback your thoughts to the whole class.





•  Explain the life cycle of a specific virus and how it uses its host cell to fulfill life functions.



•  Analyse and evaluate information to make scientifically supported judgements.
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Assessment opportunities




•  This activity can be assessed using Criterion A: Apply scientific knowledge to solve problems.
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EXTENSION





•  Research one virus, for example virology, HIV, polio, Ebola, influenza, and produce a fact sheet about it. Does it cause a disease? If it does cause illness, what are the causes of the symptoms?



•  Write an essay comparing computer viruses with natural viruses.



•  Read about how viruses may have affected evolution by researching virolution.





[image: ]





WHAT DETERMINES WHETHER SOMETHING IS ALIVE OR NOT?


Living things are characterised by several properties. These functions of life are:





•  nutrition (obtain nutrients by feeding or making food)



•  respiration (break down glucose to release energy)



•  growth (achieve a permanent change in size)



•  respond to changes in the environment (sensitivity) which enables the survival of the organism



•  excretion (get rid of waste products produced by chemical reactions in cells)



•  homeostasis (maintain a constant internal environment)



•  reproduction (produce offspring)



•  movement (relocate from one place to another).





Something can be identified as living or not by asking whether it can carry out all these life processes.
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DISCUSS





•  Discuss with a partner how you would describe to an alien visiting this planet for the first time whether something was alive or not.



•  Do you and your partner agree whether viruses are alive or not? What evidence do you have to support your argument?
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What are cells?



HOW ARE CELLS STRUCTURED?


As we have discussed in the introduction to this chapter, all living things are made of cells. Non-living biological matter, namely viruses, are particles and require other cells for their survival. But how are cells structured, and what functions do they carry out?
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ACTIVITY: DIY cell
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ATL




•  Creative-thinking skills: Use visual diagrams to generate new ideas; Make unexpected connections between ideas; Apply existing knowledge to generate new ideas
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Design a structure that does the following things:





•  is the basic building block for all living things



•  is the site of metabolic reactions, such as respiration



•  contains the genetic information of the organism



•  may have to be used to help physically support the organism.





You will have worked out from this list that your task is to design a cell! You will apply your scientific knowledge to solve the problem of the best design for a cell. The design you come up with may be similar to or the same as how actual cells are structured, or be very different. You will explain how your cell works, and link the design with its function.


You need to draw a diagram of your design, and add labels to show how it works. Be inventive! Things to think about …


Type of organism


How large is your organism? Does it have a backbone? How will this affect the design of your cell?


Entry and exit


How do substances enter and exit the cell? How does the cell control this?
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Hint


Think about how your organism will be supported.
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Where is the genetic blueprint for the organism kept?


How might this be kept in one place and protected? How and where is this information read and used to make the structural molecules of life (proteins)?


What chemical reactions will be needed for the cell and where will they take place?


Would all the chemicals for different metabolic reactions be mixed up together or separated?
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Hint


This may depend of the size of the cell.
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Different types of cell may have to have different metabolic reactions (e.g. can your cell make its own food/sugar?)


Is the cell on its own or part of a bigger organism?


If it is on its own, how does it move?


If it is part of a bigger organism, how does it get food, water and oxygen?


Be as creative as you can. The cell you design may or may not look like cells you are familiar with, but must follow the rules outlined above. Do not forget to explain the relationship between the design of the cell and its function.




[image: ]


Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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ACTIVITY: Looking at cells
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ATL




•  Organization skills: Use technology effectively and productively


•  Critical-thinking skills: Draw reasonable conclusions and generalizations
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In this activity you will examine animal and plant cells under the microscope. You will draw and annotate diagrams of the cells you see.


Materials you will need for this activity:





•  Microscope



•  Slides and cover-slips



•  Methylene blue solution (0.5% to 1%)



•  Plastic pipette or dropper



•  Sterile, individually packed cotton swabs



•  Detergent



•  Pondweed (Elodea)
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Safety: Make sure you dispose of the cotton swab in a beaker of detergent to avoid germs being spread. Avoid contact with methylene blue as it is a stain.
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Cheek cells





1  Take a clean cotton swab and gently scrape the inside of your mouth.



2  Smear the cotton swab on the centre of the microscope slide. Put the cotton wool bud into detergent as soon as you have finished with it.



3  Add a drop of methylene blue solution and place a cover-slip on top. Do not add too much solution! The methylene blue stains the nucleus blue.



4  Remove any excess solution by allowing a paper towel to touch one side of the cover-slip.



5  Place the slide on the microscope, with 4× (low) or 10× (medium power) objective lens in position, and find a cell. Then view at higher magnification.



6  Draw the cell. What structures can you see?





Pondweed (Elodea)





1  Pick an entire healthy looking Elodea leaf, using your fingers or cutting the leaf off with small scissors.



2  Place the leaf on the microscope slide.



3  Add a drop of water and a cover-slip.



4  If you do not have access to Elodea, look at the plant on the following website: www.exploratorium.edu/imaging-station/students/elodea.html#elodea or use the following search terms: Elodea, cells, microscope.



5  Draw and label Elodea cells.



6  Look carefully at the chloroplasts (the green structures in plants that carry out photosynthesis). Can you see them moving? How do you think they move, and why?
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In this activity we have observed and interpreted microscopic information by using staining techniques and the correct use of the objective (magnification) lenses.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion C: Present data in visual forms; Interpret data and explain results using scientific reasoning.
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What roles do cells carry out?



ORGANELLES AND CELL FUNCTION


The structures found within cells are called organelles. Which organelles could you see in the animal and plant cells? Did they have the same organelles, or were there differences?


Table 1.1 shows the range of organelles found in cells, and the function of each.


Different cells have different functions. In your body you have more than 250 different types of cells, each with a specific role. Depending on their job, cells have organelles that enable them to carry out their role – for example muscle cells have many mitochondria to provide the energy for them to contract. Can you think of any other cell that has a specialized function, and which organelles it needs in abundance if it is to carry out its role effectively?
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EXTENSION


There are organelles other than the ones we will discuss in this section. Explore these using this website: http://learn.genetics.utah.edu/content/cells/insideacell/ or search: inside cell.


How did cells evolve? Where did they come from? Explore cell evolution using this website: http://learn.genetics.utah.edu/content/cells/organelles/ or search: cell evolution.
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Table 1.1 The function of animal and plant organelles






	Part of cell

	Function/job/notes

	Found in plants, animals or both?






	Nucleus

	Contains genetic material (DNA organized into chromosomes for inheritance)

	Plants and animals






	Cytoplasm

	

Jelly-like material


Site of many chemical reactions controlled by enzymes


Contains organelles such as mitochondria and chloroplasts




	Plants and animals






	Cell membrane

	

Partially permeable membrane


Forms cell boundary


Controls passage of substances in and out of cell




	Plants and animals






	Cell wall

	

Semi-rigid


Made of cellulose


Supports cell


Prevents turgid (swollen) cells from bursting




	Plants






	Chloroplast

	

Organelle found in cytoplasm


Contains chlorophyll (green pigment which traps light energy to drive photosynthesis)




	Plants






	Vacuole

	

Large fluid-filled sac that swells, pushing the cytoplasm against the cell wall, making the cells turgid


Cell shrinks when vacuole gets smaller (plasmolysed/flaccid)




	Plants






	Mitochondrion (plural – mitochondria)

	

Small organelle found in cytoplasm


Site of respiration




	Plants and animals








What are tissues, organs and organ systems?



HOW DOES CELL STRUCTURE RELATE TO FUNCTION?


Organisms made from many cells, known as multicellular organisms, begin life as a single cell, which grows and divides, forming very many cells, and these eventually form the adult organism (Figure 1.11). So, cells arise by division of existing cells.
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Our personal identity is founded on the relationship between the different cells, tissues and organs in our body, which work together to make us function as a whole organism.


The first step in developing a new organism is the continual division of cells to produce a blastocyst and then an embryo (see Figure 1.12). All these cells are capable of further divisions, and they are known as embryonic stem cells. A stem cell can repeatedly divide into more stem cells, which are unspecialized (i.e. have yet to become specific types of cell), and later can differentiate into mature cell types, such as muscle, blood and nerve cells. At the next stage of embryo development most cells develop into the tissues and organs that make up the organism. However, a very few cells within these tissues do retain many of the properties of embryonic stem cells, and these are called adult stem cells (Figure 1.12). Ethical issues regarding the use of stem cells in research are explored on pages 291–293 and page 297.
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There are many different types of specialized cell. Look at the cells in Figure 1.13 – how are they adapted to the job they do?
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What are the patterns and functions of cells, tissues and organs?



Tissues are groups of cells of similar type that work together to perform a particular function in the body, such as muscle and bone tissue. Organs are groups of tissues that work together to carry out a specific function, such as the skin, heart or lungs. Organ systems are groups of organs that work collectively to perform a function for the body, such as the digestive, reproductive or circulatory systems.
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THINK–PAIR–SHARE


What organ systems are shown in Figure 1.15?
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What specialized cells would each organ system contain?


Could you build an organ by selecting the correct tissues? Use the following website to find out: www.centreofthecell.org/learn-play/games/build-an-organ/


Discuss in pairs, and then share your ideas with another group, or the class:





•  What are specialized cells and how are they made?



•  What are the differences between cells, tissues, organs and organ systems?



•  To what extent does the hierarchy of organization in our bodies determine our identity?
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ACTIVITY: The hierarchy of life


In this activity you will summarize information presented in one form in a new way. You will need to interpret the information provided to make judgements about how to arrange the information in the table.
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ATL




•  Critical-thinking skills: Gather and organize relevant information





[image: ]





Using the chart below:





1  In the first column match each illustration with its correct level of organization using items from the list below (the first entry has been done for you as an example):


    Atom Cell Molecule Organ Organelle Organ system Tissue Organism



2  In the second column match each label and illustration with the correct description using items from the following list (the first entry has been done for you as an example):





Use the information in Figure 1.16 to complete the following table:
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A Group of tissues that carries out a particular function






	
B Membrane-bound cell structure that carries out particular functions






	
C Group of organs working together






	
D Individual living thing






	
E The building blocks from which living things are made






	
F Group of similar cells with similar functions






	
G Formed from atoms chemically bound together. Cell structures are made from millions of them






	
H Fundamental unit of matter
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Assessment opportunities




•  Inhis activity you have practised skills that are assessed using Criterion A: Apply scientific knowledge and understanding to solve problems.
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What does it mean for organisms to be ‘related’?



HOW ARE ORGANISMS GROUPED AND CLASSIFIED?


We have seen how different organelles help cells perform their various functions. Differences exist between different types of cells and different types of organism. These differences can be used to place organisms into different groups. The division of life into different groups is called classification. This system of classification allows us, as humans, to see ourselves not separate from the rest of life on Earth, but very much as part of a complex tree of life (see Chapters 6 and 7). Our personal identities are therefore linked not only to other humans, but also to the rest of biological life that inhabits this planet.


Cell structure can be used to divide life into five main groups, or kingdoms. Each kingdom can be subdivided into smaller and smaller groups, with the smallest division being the species itself.
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ACTIVITY: Classifying Euglena




[image: ]


ATL




•  Organization skills: Use technology effectively and productively


•  Critical-thinking skills: Analyse complex concepts and synthesize them to create new understanding
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1  Put a drop of pond water onto a slide. Look at micro-organisms (microscopic living unicellular organisms) under a microscope.



2  Find Euglena. If it is moving too fast, use a slide with a dimple in it (a dip in the middle) – this will restrict its movement to one part of the slide.



3  If you don’t have access to pond water containing Euglena, access the following website: www.microscopyu.com/moviegallery/pondscum/euglena/ or use the search terms: pond life, microscope.



4  What organelles (structures in the cell) can you see? Do the features belong to the animal kingdom? To the plant kingdom? How would you classify this organism? Use scientific reasoning to explain what you have observed.



5  Draw and label a diagram of Euglena, using your interpretation of the organism you have seen under the microscope, using scientific reasoning regarding the structures you have observed.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion C: Present data in visual forms; Interpret data and explain results using scientific reasoning.
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Table 1.2 Plant cells vs animal cells






	Plant cells

	Animal cells






	Multicellular organisms

	Multicellular organisms






	They contain chloroplasts and are able to carry out photosynthesis

	They do not contain chloroplasts and are not able to carry out photosynthesis






	They have cellulose cell walls

	

They have no cell walls


They usually have nervous coordination and are able to move from one place to another









	They store carbohydrates as starch or sucrose

	They often store carbohydrate as glycogen






	Examples include flowering plants

	Examples include mammals and insects
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Euglena is not classified as an animal or a plant, as both these kingdoms contain multicellular organisms. Euglena is unicellular and contains features of both animals and plants. Euglena belongs to the kingdom Protoctista, which contains all unicellular, microscopic organisms. Some protoctists have the characteristics of animal cells whereas others are like plant cells in that they contain a cell wall and chloroplasts.
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Protoctista





•  Are microscopic



•  Most are unicellular (seaweeds are multicellular)



•  Some have features like animals (e.g. Amoeba)



•  Some have features like plants (e.g. Chlorella)



•  Some have features of both animals and plants (e.g. Euglena)



•  Some cause disease (e.g. Plasmodium parasite that causes malaria).
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There are two other kingdoms: fungi and prokaryotes (bacteria).


Fungi





•  Have no chloroplasts (cannot photosynthesize)



•  Some are single-celled (e.g. yeast), some multicellular (e.g. Mucor)



•  Have a cell wall made of chitin



•  Store sugar as glycogen.





Multicellular fungi such as Mucor have root-like structures called hyphae, grouped into mycelium, which they use for feeding. Hyphae secrete enzymes that externally digest food into soluble products which are then absorbed by the fungus (this known as saprotrophic nutrition). Hyphae are nothing like roots as they have a completely different structure, including a cell wall made of chitin rather than cellulose. Fungi cells are fused together to form long multinucleated (i.e. containing many nuclei) cells: septa show where the end cell walls of the original cells were found.
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Prokaryotes (bacteria)





•  Have no true nucleus (DNA is not contained within a membrane-bound nucleus)



•  Are much smaller than the cells of other kingdoms



•  Are unicellular, although can clump together in colonies



•  Do not have internal organelles (other than ribosomes, which manufacture proteins)



•  Have a cell wall made of murein.
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All kingdoms, except animals, have a cell wall (although animal-like protoctista do not have one). The sugar that cell walls are made from varies from one kingdom to another, and can be used to classify different organisms (plants and plant-like protoctists – cellulose; fungi – chitin; bacteria – murein).
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EXTENSION: Classification


You have now examined the five major kingdoms into which all life is divided. But what about the smaller groups that were mentioned at the start of this section? Within each of the five kingdoms there are smaller sub-divisions – phylum, class, order, family, genus and species. There are also three domains which are one level up from the kingdoms – these groups are the highest level of classification.
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Find out about the other classification groups at these websites or use the following search terms: levels of classification, kingdom, species.


www.boundless.com/biology/textbooks/boundless-biology-textbook/phylogenies-and-the-history-of-life-20/organizing-life-on-earth-133/the-levels-of-classification-541-11750/


www.exploringnature.org/db/detail.php?dbID=87&detID=1192
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Choose one animal and plant and find out its full classification (what is its phylum, class, order, family, genus and species?). Produce a poster to summarize your findings.
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ACTIVITY: Five kingdoms


Create a table summarizing the differences between the different kingdoms. Put the five kingdoms along the top of the table and different characteristics down the side. You can then put ticks, crosses or comments against each characteristic for each kingdom.
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REVIEW





•  What is classification?



•  What are the five kingdoms?



•  What features can be used to decide which kingdom an organism should be placed in?



•  Can you draw the cell structure for each of the five kingdoms? Start with animal and plant cells, and then draw cells for the other three kingdoms.
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What characteristics make some organisms more closely related than others?



As well as classification being based on cell type, other features of organisms are used to divide species into different groups. Ultimately, classification needs to reflect real relationships between organisms, based on how closely related they are.
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ACTIVITY: Dolphins and dogfish
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ATL




•  Critical-thinking skills: Draw reasonable conclusions and generalizations
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Look at the pictures of a dolphin and a dogfish (Figures 1.24 and 1.25). Are these animals closely related? What features may make you think that they are closely related? But then think about what you know about the groups of animals they are in – are they in fact closely related? Which of the two would be more closely related to a human?
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Use these sites to help you find out the features of both animals:


Dolphins




http://oceanservice.noaa.gov/facts/dolphins.html


www.imms.org/dolphinfaq.php





Dogfish




http://britishseafishing.co.uk/dogfish/


http://eol.org/pages/1857/overview
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•  Analyse and evaluate the information you have found out about each animal to explain the implications of using only physical characteristics to classify organisms.



•  Why should features that indicate common evolutionary origin be used (such as characteristics that group all mammals together compared with characteristics that group all fish) rather than superficial physical characteristics (e.g. the similarity in appearance between dogfish and dolphins)? Justify your answer using scientifically supported judgements.



•  Explain the way in which science is applied and used to address the problem of classifying organisms. Why is it important to use the correct method of classification?



•  Explain why it is important to use the same method of classification throughout the scientific community.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Explain scientific knowledge; Analyse and evaluate information to make scientifically supported judgements.
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Dolphins are mammals and dogfish are fish. Although they look superficially very similar, they are in fact not at all closely related. The dolphin is most closely related to a human – both are mammals, which feed milk to their offspring. Fish are very different anatomically and in terms of origin – they have gills rather than lungs, and have a heart with two chambers rather than four, for example. The similarities between dolphins and dogfish are due to the environment in which they live. Both are aquatic (i.e. both live in water) and their similar shapes make them move through water easily (i.e. they are hydrodynamic).


This shows the importance of looking beneath the skin when classifying organisms. Classification should reflect evolutionary origins (see Chapter 7 for more on evolution) rather than superficial similarities. Analogous features are features that have similar functions in different organisms. The similarity of function makes them look similar, such as the fins in dogfish and sharks, or bird and insect wings – they are not similar either in terms of anatomy or origin.


Homologous features are ones that have a common evolutionary origin and reflect real similarities between organisms, and should therefore be used when classifying them. Homologous features may serve different functions in modern animals, such as the arm of a human and the wing of a bat (see Figure 1.26), but the underlying structure is very similar (see also Figure 7.5, page 175).
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EXTENSION


Access the following website to explore more about the relationships between organisms: www.pbs.org/wgbh/evolution/change/family/
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DISCUSS





•  Why do some organisms look superficially the same?



•  What are analogous structures? Should they be used to classify organisms?



•  What are homologous structures? Should they be used to classify organisms?
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Should scientists use new research to reorganize organisms into different classification groups?
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THINK–PAIR–SHARE


The close relationship between the different species of ‘Homo’ poses questions about our identity as humans – are we separate from the other species of ape, or actually just one branch of a closely related group of similar organisms? Can humans be seen as a special form of life? See Figure 1.29 below.
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Carl Linnaeus was a remarkable scientist. He worked out a way of classifying organisms that we still use today. Every species has a name made from two parts – the genus and the species. Humans, for example, have the species name ‘Homo sapiens’ (‘Homo’ is the genus and ‘sapiens’ is the species). There can be several different species in a genus – we share the ‘Homo’ genus with several other (now extinct) species such as the Neanderthals (Homo neanderthalis).
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DISCUSS


Discuss in a small group the work of Linnaeus. Why was his work so revolutionary? Why is his work so important to science? How do you think the science of taxonomy will develop in the future?
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ACTIVITY: A modern classification?
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ATL




•  Critical-thinking skills: Draw reasonable conclusions and generalizations
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Traditional methods of classification involve looking at physical characteristics of different organisms. Can you think of any problems involved with this?


Modern science has techniques that were not available until relatively recently, and were certainly not around at the time of Linnaeus.
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Find out about these modern techniques here: www.nhm.ac.uk/discover/naming-nature-putting-life-in-order.html or use the following search terms: history, taxonomy.
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We will investigate the basis for these methods further in Chapters 6 and 7.


Should scientists use new research in order to reorganize organisms into different classification groups? Should things be left as they are (so continue using methods that have served science for the past 350 years)? What do you think?
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Thousands of years ago, people classified plants, animals and fungi according to their taste. Greek philosopher Aristotle (384–322BCE) organized 500 types of animals according to habitat and body form.
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Read more here: www.biologyreference.com/Ta-Va/Taxonomy-History-of.html
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Create your own classification system


If you were to create your own method for classifying living things, what system would you use?
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Assessment opportunities




•  This activity can be assessed using Criterion D: Explain the ways in which science is applied and used to address a specific problem.





[image: ]





[image: ]






Will it be possible to create artificial life?





[image: ]


Take action




•  Find out about the Harvard University group who are creating artificial cells. Use the following search terms: scientist, artificial life, Mycoplasma mycoides JCVI-syn 1.0.


•  Here are some websites to start off your reading:







https://iamisatthedoors.wordpress.com/2012/06/05/scientist-accused-of-playing-god-after-creating-artificial-life-by-making-designer-microbe-from-scratch-but-could-it-wipe-out-humanity/


http://news.harvard.edu/gazette/story/2009/03/taking-a-stride-toward-synthetic-life/


www.newscientist.com/article/dn18942-immaculate-creation-birth-of-the-first-synthetic-cell.html#.VNdqYOasVvA


www.bbc.co.uk/news/science-environment-18953034
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•  What ethical issues does their work raise?


•  Do you think that it will be possible to create new species artificially? Would this be desirable?
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Assessment opportunities




•  This activity can be assessed using Criterion D: Reflecting on the impacts of science.
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SOME SUMMATIVE PROBLEMS TO TRY



Use these problems to apply and extend your learning in this chapter. These problems are designed so that you can evaluate your learning at different levels of achievement in Criterion A: Knowledge and understanding.
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 1–2





1 State the seven characteristics of life.



2 Suggest why the alien thinks that the car is a living organism.
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3 Suggest the appropriate kingdom for the following organism. State why you have put it in this group.
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 3–4





4 Outline two similarities and two differences between the following two types of cell.
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 5–6





5 Describe the function of the following organelles:







    a Mitochondria


    b Nucleus


    c Chloroplast


    d Permanent vacuole









6 You have collected a number of specimens during a field trip and have been asked to put them into groups of related organisms. Suggest which organisms you would group together.







[image: ]




[image: ]







[image: ]


THIS PROBLEM CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 7–8





7 Lichens consist of a fungus and algae living together.
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    a The fungus grows hyphae that help it feed by saprotrophic nutrition. Explain what is meant by the term ‘saprotrophic nutrition’.







        b  i   Suggest one reason why we know that the photo shows a lichen and not just a fungus.


            ii  Use information from the photo to suggest a process that a lichen can carry out but a fungus cannot.


            iii Suggest an advantage to the fungus of being able to carry out the process you have named in part ii).








8 Aristotle was a Greek philosopher (384–322BCE). The diagram below shows how Aristotle grouped mammals, lizards, birds, fish, insects, shellfish and jellyfish.
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    a Aristotle also divided animals into three groups according to how they moved. Evaluate this method of classification.


    b Explain Linnaeus’ binomial classification system.
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Reflection



In this chapter we have seen how life exists at a range of scales and discovered how the identity of an organism is determined by the parts it is made up from and the relationship between them. We have found out about how organisms differ in form and complexity, and explained ways in which they are grouped and classified. We have explored the patterns in structures, functions and biological processes that are necessary to sustain life, and discussed whether it is possible to create artificial life. We have learnt about our role as a thinker, and how we can use critical- and creative-thinking skills to analyse complex problems.
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  Systems  


  Transformation; Energy  


  Scientific and technical innovation  



2 What chemical processes support life?


The systems of life are supported by biochemical reactions and the transformations of energy that occur within cells. Innovations in science could lead to these reactions being utilized to meet growing energy and food needs.
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IN THIS CHAPTER, WE WILL …





•  Find out:








    •  how chemical reactions are controlled in cells;



    •  what increases and decreases these reactions.








•  Explore how innovations in science could lead to these reactions being utilized to meet growing energy and food needs.



•  Take action by campaigning to reduce food waste in our home and community.
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CONSIDER AND ANSWER THESE QUESTIONS:


Factual: What are some chemical reactions which occur inside cells? What occurs in the process of cellular respiration? What occurs in the process of photosynthesis? What factors are needed for photosynthesis? How can the rate of photosynthesis be measured? What are enzymes and how do they work? How do chemical and physical reactions in cells determine the survival of organisms?


Conceptual: Why are enzymes needed? Why do some organisms need to feed themselves whereas others do not? Can the chemical reactions of life occur outside cells? Can biochemical reactions be replicated in the lab?


Debatable: Should chemical reactions be manipulated in order to meet our food and fuel needs?


Now share and compare your thoughts and ideas with your partner, or with the whole class.
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These Approaches to Learning (ATL) skills will be useful …




•  Critical-thinking skills


•  Organization skills


•  Information literacy skills


•  Communication skills


•  Self-management skills
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catalyst
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transfer


yield
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We will reflect on this learner profile attribute …




•  Inquirers – nurturing curiosity, developing skills for inquiry and research.
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Assessment opportunities in this chapter:




•  Criterion A: Knowing and understanding


•  Criterion B: Inquiring and designing


•  Criterion C: Processing and evaluating


•  Criterion D: Reflecting on the impacts of science
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SUSPENDING LIFE


When a casualty arrives at the emergency department of a hospital with a traumatic injury, such as a gun-shot wound, doctors have little time to save the patient’s life. Fewer than 1 in 10 patients with severe injuries that lead to extensive blood loss survive. Blood loss leads to cardiac arrest (the heart stops functioning) and death. Doctors are working on ways to give them more time to operate – techniques that only a few years ago would have seemed more appropriate in the realm of science fiction.
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Watch this video: http://edition.cnn.com/2014/06/23/tech/innovation/suspended-animation-trials/


Now, read this article: www.bbc.co.uk/news/health-11389464
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THINK–PAIR–SHARE


In pairs or groups, discuss what you have just watched and read. Consider these questions:


Why does extreme cooling allow surgeons to operate by stopping the patient’s heart? What does this technique tell you about the processes that are going on in cells? How can a person still be alive if there is no pulse, blood pressure or signs of brain activity? What does cooling do to cells that enables life to continue? How are patients ‘brought back to life’?
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What are some chemical reactions which occur inside cells?


In Chapter 1, we saw how cells contain organelles that sustain life. Each organelle has a different function, carrying out a specific biological process. At the most basic level, chemical reactions within the organelles are what sustain life. The organelles separate the various chemical reactions that are needed to support the cell’s function – each organelle with a different set of chemical reactions (see Figure 2.3).
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Separating the reactions of life in this way means that they can be controlled and don’t interfere with each other (in the same way that different operations in a factory are divided into different areas; for example in a car factory one area will be used to assemble the engine, another to put together the chassis, and so on).


These chemical reactions can be slowed down and speeded up, in the same way that all chemical reactions can. In a chemical reaction, the reactants (i.e. the chemicals that will be reacting together) need to meet up – increasing temperature means that their kinetic energy (i.e. energy of movement) increases and they are more likely to collide and react (Figure 2.4).
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Cooling down the cell will have the opposite effect. By cooling the body to such an extent that the chemical reactions in cells are slowed so that life is ‘suspended’, surgeons can operate without cells needing a constant supply of food and oxygen, which means the heart can be stopped.


The chemical reactions in cells are known as metabolism, and metabolic reactions need a supply of reactants to sustain them – if metabolic reactions are slowed then the supply of reactants can also be reduced.


But what metabolic reactions are going on in cells? The cytoplasm, as we have seen in Chapter 1, is the site of many metabolic reactions. We also know that the mitochondria are the site of aerobic respiration – releasing energy from food in the presence of oxygen. Respiration actually starts in the cytoplasm, where it can begin without a need for oxygen (this is called anaerobic respiration). Respiration is the essential metabolic reaction in cells – it supplies the cell, and ultimately the organism, with energy that supports all life processes. We will explore this reaction further in the next section.


Chemical reactions in cells are of two types – one builds up bigger molecules from smaller ones (these are called anabolic reactions). The other type breaks big molecules into smaller ones (these are called catabolic reactions). Respiration is a catabolic reaction. In Chapter 3 we will see how food is digested in the body, and how ‘breaking’ (catabolic) and ‘building’ (anabolic) reactions are used to move nutrients into cells and then use them to build new structures.


Plants also have many metabolic reactions in their cells. Photosynthesis takes place inside chloroplasts – light energy is stored as chemical energy in the form of glucose. This chemical reaction is essential to support life – not just that of the plant, but also of the organisms that feed on the plants and obtain their energy that way. We will explore this reaction on pages 33–34.
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EXTENSION: Mitochondrial disease


Figure 2.9 (page 31) shows that mitochondria have their own DNA. Scientists believe that they were once free-living bacteria that were taken inside an early animal-like cell (mitochondria are the same size as bacteria and have many similar features). As with DNA in the nucleus, mutations in the DNA (see Chapter 6) can lead to mitochondria not working properly. Find out more about mitochondrial disease here: www.thelilyfoundation.org.uk/animation/
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We have discussed how temperature can increase chemical reactions. Chemical reactions can also be increased by using catalysts (which you may have encountered in chemistry). Catalysts speed up reactions but are not broken down in the process – they can be reused. Cells have naturally occurring catalysts called enzymes (i.e. biological catalysts). We will look at these on pages 40–45.
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What occurs in the process of cellular respiration?
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ACTIVITY: Burning glucose
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ATL




•  Critical-thinking skills: Draw reasonable conclusions
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For this experiment you will need a clean and dry jam jar with a lid, a Bunsen burner, cobalt chloride paper, limewater, glucose powder (or another source of food), a combustion spoon (a wire spoon).
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Safety: Ensure you wear safety goggles when using the Bunsen burner, and take care of naked flames.
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1  Place a small amount of glucose powder in the combustion spoon, and hold it in a Bunsen flame until the glucose ignites.



2  Hold the jam jar upside down about 2 cm above the burning glucose so that the gases from the flames enter the jar (see Figure 2.6).



3  When the sides of the jar appear misty, place the wire spoon and burning glucose into a beaker of water to extinguish the flame and cool the spoon. Immediately put the lid on the jar.



4  Using tweezers, put a dehydrated piece of blue cobalt chloride paper into the jar and replace the lid.



5  Turn the jar so that the cobalt chloride paper comes in contact with the sides and leave it for one minute. Note any colour change in the cobalt chloride paper.



6  Pour a small amount of limewater into the jar. Shake the limewater in the jar. Note any change in the appearance of the limewater.
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7  Take a glass cylinder that has been filled with oxygen (your lab technician will do this using an oxygen tank).



8  Take a fresh combustion spoon and ignite the glucose as before. Put the combustion spoon inside the glass cylinder (see Figure 2.7).



9  Note any differences between this experiment and the previous one.
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Safety: If you have long hair, tie it back before starting this experiment. Ensure that the glass cylinder is on a flame-proof mat away from any sources of combustion (paper, for example).
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•  What have you observed? How do you interpret your results? What gases are produced by the burning glucose?



•  What evidence do you have to prove that these gases are produced? Explain your reasoning.



•  What evidence is there that energy is released from the food during the experiment?



•  Glucose contains carbon, hydrogen and oxygen. Explain the production of the two gases from burning food in simple chemical terms.



•  Living organisms obtain their energy from food. Compare the burning of glucose in these experiments to the use of food for providing energy in the body.



•  What differences did you notice when you burnt the glucose in pure oxygen? Can you explain your observations?
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion C: Interpret observations and explain results using scientific reasoning.





[image: ]





[image: ]





The word and chemical equation for aerobic respiration is:
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Mitochondria are where the majority of energy is released.
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Respiration transfers chemical energy in glucose into another molecule, ATP. Glucose is a very stable molecule that does not readily break down to release energy – ATP easily breaks down and so is a more suitable source of direct energy in cells.


Respiration breaks down the glucose stage by stage, gradually releasing the energy. In combustion the energy is released all in one go – if this occurred in our bodies then the heat generated would mean we would self-combust! The gradual breakdown of glucose in cells is controlled by enzymes (pages 40–45).


Glucose contains six carbon atoms and so is called a 6-carbon compound. In the cytoplasm of the cell it is broken down into a 3-carbon compound called pyruvic acid by a process called glycolysis (‘glucose-splitting’). No oxygen is needed for this process, but only a limited amount of energy is released. If no oxygen is present then either lactic acid is formed (in humans) or alcohol and carbon dioxide (in yeast and plants). If enough oxygen is present in the cell, the pyruvic acid is completely broken down in the mitochondria, resulting in carbon dioxide and water, and the production of much ATP (Figure 2.10).
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Hold your hand in the air and repeatedly clench your hand into a fist. What starts to happen after a while? What is building up in your hand and why does that make continued clenching difficult and painful? Shake your arm to get blood moving into the hand once more – why does this return your hand to normal? How does this relate to what happens after strenuous exercise such as a sprint?


Why does glucose ultimately need to be broken down in the presence of oxygen (there are several reasons)?
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SUMMARY REFLECTION





•  What have you learnt about the process of cellular respiration?



•  What are the differences between anaerobic and aerobic respiration?



•  What are the word and chemical equations for aerobic respiration?



•  How does respiration differ from combustion?



•  What is the difference between aerobic and anaerobic respiration?



•  What is the word equation for anaerobic respiration in humans?



•  What is the word equation for anaerobic respiration in plants and yeast?



•  How do we make use of anaerobic respiration in yeast?
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Why do some organisms need to feed themselves whereas others do not?


WHAT FACTORS ARE NEEDED FOR PHOTOSYNTHESIS?


In the seventeenth century, a Belgian physician, Jan Baptista van Helmont (1579–1644), set up an experiment in which he planted a willow sapling in a weighed amount of soil.
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Was van Helmont correct in saying that all of the new plant mass was gained by taking in water? Water contains hydrogen and oxygen – what other element is needed to make glucose? What molecule provides plants with this additional element?


Figure 2.13 shows the word and chemical equation for photosynthesis.
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So, van Helmont was partly correct – although he had not appreciated that carbon dioxide was also needed to make new plant mass (it supplies the carbon needed to make glucose – C6H12O6).


What do you notice about the equations for photosynthesis and respiration?


Organisms with chlorophyll can capture sunlight energy and store it as chemical energy (glucose). Organisms that cannot do this need to feed themselves to obtain chemical energy. Organisms that can make their own sugars are called autotrophs (which means ‘self-feeding’) whereas those that cannot are called heterotrophs (which means getting food from several different sources). Animals, fungi, some bacteria and some protoctista (Chapter 1, pages 14–19) are heterotrophs.


Factors that plants need for photosynthesis are called limiting factors. If the plant does not have enough of them then the rate of photosynthesis is slower. Limiting factors include sunlight, carbon dioxide concentration, amount of chlorophyll and temperature.


A leaf is adapted to absorb sunlight and carbon dioxide. The flat surfaces of leaves provide a large surface area for light absorption. The palisade cells that contain the most chloroplasts (see Figure 2.15) are near the top of the leaf where there is the most sunlight. Carbon dioxide enters the plant through pores (stomata singluar, stoma) in the lower surface of the leaf, and circulates in air spaces before being taken in by spongy mesophyll cells (which have a large exposed surface area). Water is absorbed by roots and taken into the leaves through veins.
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ACTIVITY: How do substances needed for photosynthesis enter the leaf?
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ATL




•  Critical-thinking skills: Gather and organize relevant information
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Look at the following figure:
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Match the following descriptions/words to the correct number:





•  Chloroplast



•  Water enters leaf through vein (xylem vessel)



•  Sunlight enters leaf through upper epidermis



•  Carbon dioxide diffuses into leaf through stomata
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B Figure 1.33 An alien’s view of a car
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W Figure 1.22 Diagram of a yeast
cell. Yeast is a single-celled fungus
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B Figure 1.21 Interpretive diagram of Mucor, showing cell structure
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B Figure 1.12 A range of different specialized cells
develop from undifferentiated stem cells. These cells
form the tissues and organs of the body
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B Figure 1.11 The life history of a cell
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Extension note =
In healthy organisms, cells eventually die by programmed cell death (PCD), a process
controlled by specific genes. In PCD, all parts of a cell are packaged in membrane and
engulfed by surrounding cells. PCD normally takes out all superfluous, infected and
damaged cells. It is a key part of tissue and organ development.
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B Figure 1.10 Elodea cells at x400 magnification, seen
under a light microscope
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B Figure 1.9 Cheek cells seen under a microscope at

x400 magnification. Parts of the cell that are visible
are labelled
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B Figure 1.20 Fungi (Mucor) growing on bread. The
spherical objects are reproductive organs (sporangia)
which send spores into the air so that the fungi can
colonize new areas in search of food. An interpretive
diagram of Mucor is shown in Figure 1.21
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Figure 1.4 Corals are formed by animals called polyps
that secrete a protective skeleton of calcium carbonate
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B Figure 2.8 The equation for aerobic respiration
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B Figure 1.8 Pasteur's experiment, in which broth was
sterilized (1), and then either exposed to air (3) or protected
from air-borne spores in a swan-necked flask (2). Only the
broth in (3) became contaminated with bacteria
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B Figure 1.13 Spedialized cells in the human body
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Figure 1.3 Flooded limestone cave where stalactites,

made from calcium carbonate, have formed in the roof
and stalagmites on the floor beneath
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B Figure 2.12 van Helmont's experiment





OEBPS/OEBPS/images/12-1.jpg
At
. Q0o N:::tsvogen
o H

0 = oxygen

C = carbon
\ H = hydrogen
. ~ Simple inorganic molecules

H,0 = water
RO Q% b, < carbon dioxide

Complex organic molecules
Part of a protein molecule is
shown. A protein is made up
of many amino acids, one of
which is shown.

Organelle
A mitochondrion

Cell
Cells from the human

heart are shown !
Tissue
Tissue from the human
heart is shown ;

Organ
The human heart
as an example

Veins

Organ system
The human circulatory
system is shown

Organism
The human being
as an example

B Figure 1.16 The levels of organization
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B Figure 2.9 A mitochondrion (photo taken using an
electron microscope) and an interpretive diagram.
The folds inside the mitochondria increase surface area
for the reactions of respiration. The matrix contains the
enzymes for aerobic respiration. DNA and ribosomes
inside each mitochondrion enable them to make their

own proteins
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this was true or not. | took a plant and watered it - nothing else was added. After 5 years | dried
the soil and re-weighed both the plant and soil. The tree gained 74kg and the soil lost only 0.06kg.
This proved that the soil had not been taken in by the tree to give its new mass — the question was,
where had the new mass come from? | stated that | thought it was from the water alone.

® Figure 2.11 van Helmont
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B Figure 2.4 Molecules in cells are
more likely to collide and react at
warmer temperatures, as they have
more kinetic energy
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B Figure 1.39 Aristotle’s classification of animal groups
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B Figure 1.27 Carl Linnaeus

My name is Carl Linnaeus. | was a Swedish botanist, physician and zoologist, and a
great dassifier of living things. In the 1730s | developed the method of classifying
organisms that is still used today, called binomial nomenclature.

In 1735 | published Systema Naturae (The Natural World), in which | divided flowering
plants into classes determined by the structure of their sexual organs. In 1749 |
introduced the binomial nomenclature for which | am now famous - each plant was
given a Latin noun (the genus) followed by an adjective (the species).

1 am known as the father of modern taxonomy, and am also considered one of the
fathers of modern ecology.





OEBPS/OEBPS/images/20-2.jpg
CAROLI LINN/EL

s D S1ia Pot o

YSTEMA
NATURAE

Pex

REGNA TRIA NATURZ,
CrassES, ORDINES,
SENERR, SbPiNEs

CHARACTERIFUS, DIFFERENZIIS,
amuurw: Locly, Ao

HOLMIE,
Burssats Dinger. LAURENTIL SALVAL,
[ 1758

W Figure 1.28 Carl Linnaeus’ most
famous work. Systema Naturae
showed for the first time how life
could be classified
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M Figure 1.29 Skulls of species in the genus ‘"Homo”
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