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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.


[image: ]







[image: ]


Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book



This guide is the first in a series of four covering the OCR AS and A-level Biology A specifications. It covers Module 2: Foundations in biology, and is divided into two sections:





•  The Content Guidance provides key facts and key concepts, and links with other parts of the AS and A-level course. The links should help to show you how information in this module is useful preparation for other modules.



•  The Questions & Answers section contains two sets of questions, giving examples of the types of question to be set in the AS and A-level papers. There are some multiple-choice questions and some structured questions. The AS-style questions are followed by answers written by two students. These are accompanied with comments on the answers. The A-level-style questions are followed by model answers without comments.





This guide is not just a revision aid. It is a guide to the whole module and you can use it throughout the 2 years of your course if you decide to take the full A-level.


You will gain a much better understanding of the topics in Modules 3, 4, 5 and 6 if you read around the subject. I have suggested some online searches that you can do for extra information. Information you find online can help you especially with topics that are best understood by watching animations of processes taking place. As you read this guide remember to add information to your class notes.


The Content Guidance will help you to:





•  organise your notes and to check that you have highlighted the important points (key facts) — little ‘chunks’ of knowledge that you can remember



•  understand how these ‘chunks’ fit into the wider picture. This will help to support:







    –  Modules 3 and 4, which are covered in the second student guide in this series


    –  Modules 5 and 6, if you decide to take the full A-level course, which are covered in the third and fourth student guides in this series








•  check that you understand the links to the practical work, since you must expect questions on practical work in your examination papers. Module 1 lists the details of the practical skills you need to use in the papers.



•  understand and practise some of the maths skills that will be tested in the examination papers — look out for this icon for examples: [image: ]






The Questions & Answers section will help you to:





•  understand which examination papers you will take



•  check the way questions are asked in the AS and A-level papers



•  understand what is meant by terms like ‘explain’ and ‘describe’



•  interpret the question material — especially any data you are given



•  write concisely and answer the questions that the examiners set








Content Guidance



Cell structure


Microscopy


Key concepts you must understand


Size matters


It is difficult to imagine the range of sizes that biologists deal with. A blue whale can be as long as 30 m. The largest viruses are about 0.0004 mm. Many plant and animal cells are between 0.02 mm and 0.04 mm.


We use microscopes in biology because much of what we want to see is so small. Many cells, for example, are about 0.02 mm across. At best, our eyes can only make out objects that are about 0.1 mm in diameter, so using our eyes alone we would never see structures inside cells. The light microscope (LM) uses a beam of light that is focused by means of glass lenses. The electron microscope (EM) uses a beam of electrons focused by magnetic lenses.


Units


The units to use for measuring microscopic structures are the micrometre (µm) and the nanometre (nm). Remember:





•  to convert millimetres to micrometres, multiply by 1000



•  to convert micrometres to nanometres, multiply by 1000





Also remember:





•  1 µm (micrometre) = 0.001 mm; 1000 µm = 1 mm



•  1 nm (nanometre) = 0.001 µm; 1000 nm = 1 µm
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Exam tip


Always measure in millimetres and not in centimetres. Make conversions between millimetres and micrometres by multiplying or dividing by 1000.
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Key facts you must know


Resolution is the ability to see detail. The light microscope has a resolution of 0.0002 mm (2.0 × 10−4 mm in standard form) or 0.2 µm. This means that two points this distance apart are viewed as separate objects. Visible light has a wavelength of between 400 nm and 700 nm. Objects about half the size of the wavelength interrupt the rays of light and are resolved in the LM. However, anything smaller than 0.0002 mm is not visible because it is too small to interrupt the light. No matter how much a photograph taken through the LM is enlarged, small cellular structures are never visible.
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1 mm expressed in standard form is 1.0 × 10−3 m and 1.0 × 103 µm.


1 µm expressed in standard form is 1.0 × 10−3 mm and 1.0 × 103 nm.





Magnification is the ratio between the actual size of an object and the size of an image, such as a photograph or a drawing.
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Examiners may ask you to calculate magnifications or actual sizes. You should use these formulae:
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With the LM, some structures, such as mitochondria, are just visible.
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Knowledge check 1


The actual width of a plant cell is 40 µm. In an EM the width is measured as 75 mm. Calculate the magnification of the plant cell in the EM.
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Exam tip


Use this triangle to help you remember how to calculate magnifications and actual sizes; for example:
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Knowledge check 2


The magnification of an animal cell in an EM is ×2000. The length of the cell in an EM is measured as 14 mm. Calculate the actual length of the animal cell.
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Electron microscopes


The wavelength of an electron beam is considered to be about 1 nm, so objects half this size are visible. As the resolution is so good, the magnification can be very high (×250 000 or more).


In the EM, magnets focus beams of electrons and an image is formed when the electrons strike a fluorescent screen or is captured by a sensor and displayed on a computer screen. The transmission electron microscope (TEM) is used to view thin sections of tissues. The scanning electron microscope (SEM) is used to view surfaces of three-dimensional objects, such as the bodies of insects and the surfaces of cells. In Figure 4 (p. 10) you can see the interior of a plant cell in 3D.


Inside electron microscopes is a vacuum, which allows electrons to travel towards the specimen. It means, however, that living cells cannot be observed, since these would explode. In the light microscope it is possible to watch living processes, such as cell division.
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Preparation of material for light microscopy


Most biological material is colourless or transparent and is composed of elements with low atomic mass. This means that visible light travels through tissues in the light microscope without being absorbed or reflected, so there is very little, if any, contrast. This problem is solved by adding stains, such as iodine, methylene blue and toluidine blue, all of which you may use during your course.
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Exam tip


Differential staining allows you to identify the different components of a cell in the light microscope.
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When iodine is added to some cells from a potato or a banana the nucleus, cell wall and cytoplasm stain yellow, but any starch grains inside the cells stain black. This is differential staining because the stain used gives two different colours. Often specimens for the LM are stained with several different stains, as in Figure 1.
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Staining is only part of the process of preparing slides for the LM. Small pieces of thin material are required as light rays do not penetrate very far through tissues. Some cells can be scraped or pulled away from the plant or animal tissue. When this is not possible, the fresh material can be cut into thin slices with a razor blade. These cells or thin sections are put on a slide, stained and covered with a cover slip.




[image: ]


Knowledge check 3


A student prepares a slide of plant tissue and stains it with iodine. Some areas stain blue-black and others stain yellow. Explain the different colours.
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If the material is delicate, it can be embedded in wax and then cut with a microtome, which is a specialised piece of apparatus that cuts sections that are all the same thickness. This can be used to make a series of sections across a structure such as a root or a blood vessel. The sections are then stained and mounted on slides. Apart from the temporary slides that you prepare yourself, the microscope slides you will see during your course will have been prepared like this.
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Exam tip


You should find and study many photographs taken with microscopes. This will help you to identify different types of cell and tissue.
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Uses of microscopes and types of images


The LM is used for observing cells and tissues and for viewing structures that do not need to be seen in great detail. Living tissues can be seen, which is useful for viewing cells and tissues in action. Examples are:





•  cytoplasmic streaming — movement of cell structures



•  the coordinated movement of cilia, which move some small organisms



•  the movement of chromosomes during nuclear division



•  the separation of animal cells during cell division





Measurements of cells and cell structures are made with an eyepiece graticule. This is a graduated scale printed onto a piece of plastic that is inserted into the eyepiece. Before the scale is used it must be calibrated, because the actual width of the divisions on the scale depends on the magnification. As you increase the magnification, each division represents a smaller length.


A stage micrometer has a scale printed on it, usually with divisions that are 0.1 mm apart and 0.01 mm apart. The stage micrometer is put on the stage of the microscope and the eyepiece graticule is aligned with it, as shown in Figure 2. Count and record the number of lines on the graticule that correspond with 0.1 mm (or 0.01 mm) on the stage micrometer. When measuring the width of a cell with the LM, position the graticule over the object and count the number of graticule divisions.
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Exam tip


There is a question on taking measurements with the LM on p. 69.
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Calculate the actual length using this formula:
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Microscopes not only use visible light, but also ultraviolet light and lasers. The laser scanning confocal microscope allows images to be taken without light from areas that are out of focus. Computer technology is key to handling the images generated and presenting them to best effect. The cellular material is treated with different fluorescent stains so that different cellular components can be identified.
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Exam tip


The electron micrographs that are used in examination papers are usually printed in black and white. Search online for black-and-white EMs of cells and organelles as part of your course and your revision.
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Stains used in electron microscopy are salts of heavy metals, such as lead and uranium. These stains combine with proteins, for example in membranes, and absorb or scatter electrons as they pass through the specimen. This makes these areas show dark on images taken using the EM.
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Exam tip


Search online for images taken with laser confocal microscopes and also see those prepared for fluorescence light microscopy. These are particularly good for viewing the cytoskeleton (Table 2 on pp. 12–13).
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The stains used in electron microscopy do not give coloured images. Instead they are in black and white, but many electron micrographs are colour enhanced using computer software, as is the case with the TEM of the plant cell in Figure 3.
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Exam tip


The cell walls are clearly visible in both EMs. In Figure 3 you can also see some cellular components: the nucleus, nuclear envelope, nucleolus, many chloroplasts and small vacuoles. In Figure 4 you can only see amyloplasts (organelles for the storage of starch).
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Knowledge check 4


Calculate the actual widths of the cells in Figures 3 and 4. Show the details of your working and express your answer to the nearest micrometre.
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Exam tip


If you calculate an actual size, check that it looks right. Examples of objects you may be asked about include: cells, 10–100 µm; chloroplasts, 3–10 µm; mitochondria, 1–3 µm; bacteria, 0.5–30 µm; membranes, 7–10 nm. If your answers are very different from these values, then you must have made a mistake. You may have to give an answer to the nearest whole number, which means rounding up or down.
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Cell structure and function


Key facts you must know



Cell ultrastructure


The fine structure of cells that is visible with an electron microscope is often called cell ultrastructure. Many of the structures (organelles) within plant and animal cells, such as chloroplasts and mitochondria, are made of membranes. Within the cytoplasm of plant and animal cells are fibrous structures made of protein that make up the cytoskeleton.


Animal and plant cells are eukaryotic because they have a nucleus and organelles (Figures 5 and 6).




[image: ]






[image: ]




Functions of cellular components


Table 2 summarises the features and functions of the main cellular components in cells.


Table 2 Cellular components






	Cellular components

	Features

	Function(s)






	Rough endoplasmic reticulum (RER)

	Flat sacs of membrane enclosing fluid-filled space; outer surface is covered in ribosomes

	Ribosomes carry out protein synthesis; RER modifies proteins and transports them to Golgi apparatus






	Smooth endoplasmic reticulum (SER)

	Like RER but with no ribosomes on outer surface

	Makes triglycerides (fats), phospholipids, cholesterol






	Golgi apparatus

	Pile of flat sacs with vesicles forming around the edge

	Modifies proteins by adding carbohydrates, for example; packages proteins into vesicles for secretion; makes lysosomes






	
Mitochondria (singular: mitochondrion)

	Formed of two membranes surrounding a fluid-filled matrix; inner membrane is highly folded to give large surface area for enzymes of respiration

	Site of aerobic respiration; mitochondria have DNA and ribosomes and can make some of the proteins they use






	Ribosomes

	Attached to RER or free in cytoplasm — made of protein and RNA

	Assemble amino acids to make proteins






	Lysosomes

	Single membrane surrounds fluid filled with enzymes 	Contain enzymes for destroying worn-out parts of cell and for digesting food particles






	
Chloroplasts (plants and some protoctists only)

	Many internal membranes giving a large surface area for chlorophyll, other pigments and enzymes of photosynthesis

	Site of all the reactions of photosynthesis






	Plasma (cell surface) membrane

	Several — see pp. 49–51 for details

	Controls entry and exit of materials; retains cell contents






	Nucleus

	Clearly visible in LM and EM when stained

	Contains genetic information as DNA in chromosomes






	
Nuclear envelope

	Structure like that of ER with ribosomes on outer surface; pores to allow substances to pass between cytoplasm and nucleus

	Separates nucleus from cytoplasm






	Nucleolus

	Darkly staining area in nucleus

	Produces ribosomes






	
Cytoskeleton microfilaments

	Made of actin — a type of protein

	Help to provide mechanical support for cells






	Cytoskeleton microtubules

	Made of tubulin — a type of protein that is formed into hollow tubes

	Provide pathways within cells to enable vesicles and organelles to move about within the cytoplasm; form cilia, flagella and centrioles; form the spindle that moves chromosomes during anaphase of nuclear division






	
Cilia (singular: cilium)

	Extend from cell surface; made of microtubules in a ‘9+2’ arrangement in the shaft (9 peripheral microtubules and 2 central ones), no central microtubules in the base; extend from cell surface; surrounded by plasma membrane

	Found in large groups; move fluid or mucus past cells (e.g. in the trachea); move eggs along the fallopian tubes






	Flagella (singular: flagellum)

	As for cilia

	Found singly to move individual cells, e.g. sperm in animals and in some plants such as ferns and mosses






	
Centrioles

	Made of microtubules in same arrangement as in base of a cilium; not found in flowering plants

	Form part of the centrosome in animal cells that organises microtubules to form the spindle during nuclear division (mitosis and meiosis)






	Cell wall (plants and fungi; some protoctists)

	Plant cell walls are made of cellulose; fungal cell walls are made of chitin

	Withstands pressure of contents of cells









[image: ]


Exam tips


Never write that mitochondria ‘produce’ or ‘create’ energy. Remember the first law of thermodynamics and never write about ‘production of energy’.


You can learn the names of the organelles and their functions by copying this table and making drawings of the organelles. Divide them into organelles made of fibres and those made of membranes.


Look at images of cells to help you interpret photomicrographs, such as Figure 1, and electron micrographs, such as Figures 3 and 4.
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Some of the organelles in Table 2 are involved in the production of protein. The diagram in Question 6 of the A-level-style paper on p. 90 shows you organelles, such as the nucleus, RER, the Golgi apparatus and secretory vesicles, working together to make and secrete a protein.


Key concepts you must understand


The cells depicted in Figures 5 and 6 are ‘generalised’ cells. They do not exist! They are drawn to show all the structures in plant and animal cells.


You should look carefully at photographs taken through the light microscope (these are known as photomicrographs or PMs) to see the differences between plant and animal cells. Sometimes you will be expected to identify organelles from electron micrographs (known as EMs) or from drawings made from electron micrographs. You should become proficient at recognising the organelles and using this information to explain how the structure of a cell, such as a sperm cell or a guard cell, is related to its function.
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Links


Aspects of cell structure and function occur throughout the course. In Module 4 you will study the action of phagocytes and lymphocytes in defence against disease-causing organisms. You should look at PMs and EMs of these cells and relate their structure to their functions.
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