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Introduction



Welcome to the second edition of Biology for the IB Diploma, updated and designed to meet the criteria of the 2014 International Baccalaureate (IB) Diploma Programme Biology Guide. The structure and content of this second edition follow the structure and content of the IB Biology Subject Guide.


Using this book


Special features of the chapters of Biology for the IB Diploma include:





•  Each chapter begins with Essential ideas that summarize the concepts on which the chapter is based.



•  Applications in the Guide are integrated within the main content and are used to illustrate the various Understandings listed in the Guide.
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•  Skills are highlighted with this icon. Students are expected to be able to show these skills in the examination, so we have explicitly pointed these out when they are mentioned in the Guide.
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•  The Nature of Science (NoS) is a theme that runs throughout the course, and can be examined in Biology papers. It explores the scientific process itself, and how science is represented and understood by the general public. It also examines the way in which science is the basis for technological developments and how these new technologies, in turn, drive developments in science.
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•  International mindedness explores how the exchange of information and ideas across national boundaries has been essential to the progress of science, and illustrates the international aspects of Biology.



•  Self-assessment questions (SAQs) are phrased so as to assist comprehension and recall, but also to help familiarize students with the assessment implications of the command terms. Answers to all SAQs are given, either in this book or on the accompanying website.



•  Links to the interdisciplinary Theory of Knowledge (TOK) element of the IB Diploma course are made at appropriate places in most chapters.
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•  Links to relevant material available on the website that accompanies this book (www.hoddereducation.com/IBextras) are highlighted with this icon.



•  At the end of each chapter, there is a selection of examination questions. Some are questions taken from past exam papers, others are exam-style questions written for this book. Answers are available on the accompanying website.





The Options (Chapters 12–15) are available on the website accompanying this book, as are useful appendices and additional student support for Chapters 1–11, including further opportunities to practise data response questions: www.hoddereducation.com/IBextras
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1 Cell biology
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ESSENTIAL IDEAS





•  The evolution of multicellular organisms allowed cell specialization and cell replacement.



•  Eukaryotes have a much more complex cell structure than prokaryotes.



•  The structure of biological membranes makes them fluid and dynamic.



•  Membranes control the composition of cells by active and passive transport.



•  There is an unbroken chain of life, from the first cells on Earth to all cells in organisms alive today.



•  Cell division is essential but must be controlled.
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1.1 Introduction to cells


The evolution of multicellular organisms allowed cell specialization and cell replacement


The cell is the basic unit of living matter – the smallest part of an organism which we can say is alive. It is cells that carry out the essential processes of life. We think of them as self-contained units of structure and function.


Cells are extremely small – most are only visible as distinct structures when we use a microscope (although a few types of cell are just large enough to be seen by the naked eye).


Observations of cells were first reported over 300 years ago, following the early development of microscopes (Figure 1.2, page 3). Today we use a compound light microscope to investigate cell structure – perhaps you are already familiar with the light microscope as a piece of laboratory equipment. You may have used one to view living cells, such as the single-celled animal, Amoeba, shown in Figure 1.1.
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Unicellular and multicellular organisms


Some organisms are made of a single cell and are known as unicellular. Examples of unicellular organisms are introduced in Figure 1.1. In fact, there are vast numbers of different unicellular organisms in the living world, many with very long evolutionary histories.
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1 State the essential processes characteristic of living things.
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Other organisms are made of many cells and are known as multicellular organisms. Examples of multicellular organisms are the mammals and flowering plants. Much of the biology in this book is about multicellular organisms, including humans, and the processes that go on in these organisms. But remember, single-celled organisms carry out all the essential functions of life too, within the confines of a single cell.


The features of cells


A cell consists of a nucleus surrounded by cytoplasm, contained within the cell membrane. The nucleus is the structure that controls and directs the activities of the cell. The cytoplasm is the site of the chemical reactions of life, which we call ‘metabolism’. The cell membrane, known as the plasma membrane, is the barrier controlling entry to and exit from the cytoplasm.


Newly formed cells grow and enlarge. A growing cell can normally divide into two cells. Cell division is very often restricted to unspecialized cells, before they become modified for a particular task.


Cells may develop and specialize in their structure and in the functions that they carry out. A common outcome of this is that many fully specialized cells are no longer able to divide, for example. But as a consequence of specialization, cells show great variety in shape and structure. This variety in structure reflects the evolutionary adaptations of cells to different environments, and to different specialized functions – for example, within multicellular organisms.


Cell theory – a summary statement


The cell theory – the statement that cells are the unit of structure and function in living things – contains three very basic ideas:





•  Cells are the building blocks of structure in living things.



•  Cells are the smallest unit of life.



•  Cells are derived from other cells (pre-existing cells) by division.





Today, we can confidently add two concepts to the theory:





•  Cells contain a blueprint (information) for their growth, development and behaviour.



•  Cells are the site of all the chemical reactions of life (metabolism).





Cell size


Since cells are so small, we need appropriate units to measure them. The metre (symbol m) is the standard unit of length used in science (it is an internationally agreed unit, or SI unit). Look at Table 1.1, showing the subdivisions of the metre that are used to measure cells and their contents. These units are listed in descending order of size. You will see that each subdivision is one thousandth of the unit above it. The smallest units are probably quite new to you; they may take some getting used to.
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2 Calculate:








   a     how many cells of 100 μm diameter will fit side by side along a millimetre line


   b     the magnification of the image of Escherichia coli in Figure 1.1.
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So, the dimensions of cells are expressed in the unit called a micrometre or micron (μm). Notice, this unit is one thousandth (10–3) of a millimetre. This gives us a clear idea about how small cells are when compared to the millimetre, which you can see on a standard ruler.


Bacteria are really small, typically 0.5–10 μm in size, whereas the cells of plants and animals are often in the range 50–150 μm or larger. In fact, the lengths of the unicells shown in Figure 1.1 are approximately:






	
•  Chlamydomonas



	30 μm






	
•  Escherichia coli



	2 μm






	
•  Amoeba



	400 μm (but its shape and, therefore, length vary greatly).








[image: ] The origins of cell theory


Many biologists contributed to the development of the cell theory. This concept evolved gradually in Western Europe during the nineteenth century, as a result of the steadily accelerating pace of developments in microscopy and biochemistry. You can see a summary of the earliest steps in Figure 1.2.
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Introducing animal and plant cells


No ‘typical’ cell exists – there is a very great deal of variety among cells. However, we shall see that most cells have features in common. Viewed using a compound microscope, the initial appearance of a cell is of a simple sac of fluid material, bound by a membrane, and containing a nucleus. Look at the cells in Figure 1.3.


[image: ]


Animal and plant cells have at least three structures in common. These are their cytoplasm with its nucleus, surrounded by a plasma membrane. In addition, there are many tiny structures in the cytoplasm, called organelles, most of them common to both animal and plant cells. An organelle is a discrete structure within a cell, having a specific function. Organelles are all too small to be seen at this magnification. We will learn about the structure of organelles using the electron microscope (page 17).


There are some important basic differences between plant and animal cells (Table 1.2). For example, there is a tough, slightly elastic cell wall, made largely of cellulose, present around plant cells (page 4). Cell walls are absent from animal cells.
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A vacuole is a fluid-filled space within the cytoplasm, surrounded by a single membrane. Plant cells frequently have a large, permanent vacuole present. By contrast, animal cells may have small vacuoles, but these are mostly temporary.


Green plant cells also contain organelles called chloroplasts in their cytoplasm. These are not found in animal cells. The chloroplasts are the sites where green plant cells manufacture food molecules by a process known as photosynthesis.


The centrosome, an organelle that lies close to the nucleus in animal cells (Figure 1.22), is not present in plants. This tiny organelle is involved in nuclear division in animal cells.


Finally, the storage carbohydrate (energy store) differs, too. Animal cells may store glycogen (page 79); plant cells normally store starch.


The profoundly different ways that unicellular organisms may differ are illustrated in Figure 1.5.
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TOK Link


Living and non-living


You are familiar with the characteristics of living things (question 1). How could these be used to explain to non-biologists why a copper sulfate crystal growing in a solution of copper sulfate (or stalactites and stalagmites growing in a cave) are not living, yet corals are?
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Examining cells, and recording structure and size


We use microscopes to magnify the cells of biological specimens in order to view them. Figure 1.6 shows two types of light microscope.
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In the simple microscope (hand lens), a single biconvex lens is supported in a frame so that the instrument can be held very close to the eye. Today, a hand lens is mostly used to observe external structure, although some of the earliest detailed observations of living cells were made with single-lens instruments.


In the compound microscope, light rays are focused by the condenser on to a specimen on a microscope slide on the stage of the microscope. Light transmitted through the specimen is then focused by two sets of lenses (hence the name ‘compound microscope’). The objective lens forms an image (in the microscope tube) which is then further magnified by the eyepiece lens, producing a greatly enlarged image.


Biological material to be examined by compound microscopy must be sufficiently transparent for light rays to pass through. When bulky tissues and parts of organs are to be examined, thin sections are cut. Thin sections are largely colourless.
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Recording observations


[image: ] Images of cells and tissues may be further magnified, displayed, projected and saved for printing by the technique of digital microscopy (Figure 1.7). A digital microscope is used or, alternatively, an appropriate video camera is connected by microscope coupler or eyepiece adaptor that replaces the standard microscope eyepiece. Images are displayed via video recorder, TV monitor or computer, and may be printed out by the latter.
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Alternatively, a record of what you see via the compound microscope may be recorded by drawings of various types (Figure 1.9). For a clear, simple drawing:





•  use a sharp HB pencil and a clean eraser



•  use unlined paper and a separate sheet for each specimen you record



•  draw clear, sharp outlines, avoiding shading or colouring (density of structures may be represented by degrees of stippling)



•  label each drawing with appropriate information, such as the species, conditions (living or stained; if stained, note which stain was used) and type of section (transverse section, TS, or longitudinal section, LS)



•  label your drawing fully, with labels well clear of the structures shown, remembering that label lines should not cross



•  annotate (add notes about function, role and development) if appropriate



•  include a statement of the magnification under which the specimen has been observed.






Measuring microscopic objects


[image: ] The size of a cell can be measured under the microscope. A transparent scale, called a graticule, is mounted in the eyepiece at the focal plane (there is a ledge for it to rest on). In this position, when the object under observation is in focus, so too is the scale. The size (for example, length or diameter) of the object may then be recorded in arbitrary units. Next, the graticule scale is calibrated using a stage micrometer – in effect, a tiny, transparent ruler, which is placed on the microscope stage in place of the slide and then observed. With the eyepiece and stage micrometer scales superimposed, the true dimensions of the object can be estimated in micrometres. Figure 1.8 shows how this is done.
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Once the size of a cell has been measured, a scale bar line may be added to a micrograph or drawing to record the actual size of the structure, as illustrated in Figure 1.10.
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3 Using the scale bar given in Figure 1.10, calculate the maximum observed length of the Amoeba cell.
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Magnification and resolution of an image


Magnification is the number of times larger an image is than the specimen. The magnification obtained with a compound microscope depends on which of the lenses you use. For example, using a ×10 eyepiece and a ×10 objective lens (medium power), the image is magnified ×100 (10 × 10). When you switch to the ×40 objective (high power) with the same eyepiece lens, then the magnification becomes ×400 (10 × 40). These are the most likely orders of magnification you will use in your laboratory work.


Actually, there is no limit to magnification. For example, if a magnified image is photographed, then further enlargement can be made photographically. This is what may happen with photomicrographs shown in books and articles. Magnification is given by the formula:
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So, for a particular plant cell of 150 μm diameter, photographed with a microscope and then enlarged photographically, the magnification in a print showing the cell at 15 cm diameter (150 000 μm) is:
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If a further enlargement is made to show the same cell at 30 cm diameter (300 000 μm), then the magnification is
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4 Calculate what magnification occurs with a ×6 eyepiece and a ×10 objective.
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In this case, the image size has been doubled, but the detail will be no greater. You will not be able to see, for example, details of cell membrane structure, however much the image is enlarged. This is because the layers making up a cell’s membrane are too thin to be seen as separate structures using the light microscope (Figure 1.11).




[image: ]




The resolution (resolving power) of a microscope is its ability to separate small objects which are very close together. If two separate objects cannot be resolved, they are seen as one object. Merely enlarging them does not separate them. Resolution is a property of lenses that is quite different from their magnification – and is more important.


Resolution is determined by the wavelength of light. Light is composed of relatively long wavelengths, whereas shorter wavelengths give better resolution. For the light microscope, the limit of resolution is about 0.2 μm. This means two objects less than 0.2 μm apart may be seen as one object.


[image: ] Calculating linear magnification and actual size of images and objects is detailed in Appendix 2: Investigations, data handling and statistics which is available on the accompanying website.
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TOK Link


Microscopic examination of cells


Living tissues, prepared for examination under the microscope, are typically cut into thin sections and stained. Both of these processes may alter the appearance of cells. Is our knowledge acquired with the aid of technology fundamentally different from that which we acquire from our unaided sense? If so, what may be done about this, in practical terms?
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Cell size and cell growth


The materials required for growth and maintenance of a cell enter through the outermost layer of the cytoplasm, a membrane called the plasma membrane. Similarly, waste products must leave the cell through the plasma membrane.


The rates at which materials can enter and leave a cell depend on the surface area of that cell, but the rates at which materials are used and waste products are produced depend on the amount of cytoplasm present within the cell. Similarly, heat transfer between the cytoplasm and environment of the cell is determined by surface area.


Surface area:volume ratios and cell size


As the cell grows and increases in size, an important difference develops between the surface area available for exchange and the volume of the cytoplasm in which the chemical reactions of life occur. The volume increases faster than the surface area; the surface area:volume ratio falls (SA:V, Figure 1.12). So, with increasing size of a cell, less and less of the cytoplasm has access to the cell surface for exchange of gases, supply of nutrients and loss of waste products.
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5 Consider imaginary cubic ‘cells’ with sides 1, 2, 4 and 6 mm.







   a     Calculate the volume, surface area and ratio of surface area to volume.


   b     State the effect on the SA:V ratio of a cell as it increases in size.


   c     Explain the effect of increasing cell size on the efficiency of diffusion in the removal of waste products from cell cytoplasm.
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Put another way, we can say that the smaller the cell is, the more quickly and easily materials can be exchanged between its cytoplasm and environment. One consequence of this is that cells cannot grow larger indefinitely. When a maximum size is reached, cell growth stops. The cell may then divide. The process of cell division is discussed later (page 51).


Metabolism and cell size


The extent of chemical reactions that make up the metabolism of a cell is not directly related to the surface area of the cell, but is related to the amount of cytoplasm, expressed as the cell mass. In summary, we can say that the rate of metabolism of a cell is a function of its mass, whereas the rate of exchange of materials and heat energy that metabolism generates is a function of the cell’s surface area. Metabolism is the subject of later chapters (pages 63 and 345).



Multicellular organisms – specialization and division of labour


We have seen that unicellular organisms, though structurally simple, carry out all the functions and activities of life within a single cell. The cell feeds, respires, excretes, is sensitive to internal and external conditions (and may respond to them), may move, and eventually divides or reproduces.


By contrast, the majority of multicellular organisms – like the mammals and flowering plants – are made of cells, most of which are highly specialized to perform a particular role or function (Figures 1.13 and 1.14). Specialized cells are organized into tissues and organs. A tissue is a group of similar cells that are specialized to perform a particular function, such as heart muscle tissue of a mammal. An organ is a collection of different tissues which performs a specialized function, such as the heart of a mammal. So, the tissues and organs of multicellular organisms consist of specialized cells.
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Control of cell specialization


We have seen that the nucleus of each cell is the structure that controls and directs the activities of the cell. The information required for this exists in the form of a nucleic acid, DNA. The nucleus of a cell contains the DNA in thread-like chromosomes, which are linear sequences of genes (page 131). Genes control the development of each cell within the mature organism. We can define a gene in different ways, including:





•  a specific region of a chromosome which is capable of determining the development of a specific characteristic of an organism



•  a specific length of the DNA double helix (hundreds or thousands of base pairs long) which codes for a protein.





So, when a cell is becoming specialized – we say the cell is differentiating – some of its genes are being activated and expressed. These genes determine how the cell develops. In the next chapter we explore both what happens during gene expression and the mechanism by which a cell’s chemical reactions are controlled. For the moment, we can just note that the nucleus of each cell contains all the information required to make each type of cell present within the whole organism, only a selected part of which information is needed in any one cell and tissue. Which genes are activated and how a cell specializes are controlled by the immediate environment of the differentiating cell, and its position in the developing organism.


The cost of specialization


Specialized cells are efficient at carrying out their particular function, such as transport, support or protection. We say the resulting differences between cells are due to division of labour. By specialization, increased efficiency is achieved, but at a price. The specialized cells are now totally dependent on the activities of other cells. For example, in animals, nerve cells are adapted for the transport of nerve impulses, but depend on red blood cells for oxygen, and on heart muscle cells to pump the blood. This modification of cell structure to support differing functions is another reason why no ‘typical’ cell really exists.
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Nature of Science


Looking for trends and discrepancies


Non-cellular organization – an exceptional condition


Although most organisms conform to the cell theory, there are exceptions. In addition to the familiar unicellular and multicellular organization of living things, there are a few multinucleate organs and organisms that are not divided into separate cells. This type of organization is called acellular. An example of an acellular organism is the pin mould Rhizopus, in which the ‘plant’ body consists of fine, thread-like structures called hyphae. An example of an acellular organ is the striped muscle fibres that make up the skeletal muscles of mammals (Figure 1.15). The internodal cells of the giant alga Nitella are also multinucleate.
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The life history of the cell and the nature of stem cells


Multicellular organisms begin life as a single cell, which grows and divides, forming very many cells, and these eventually form the adult organism (Figure 1.16). So, cells arise by division of existing cells. The time between one cell division and the next is known as the cell cycle.
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In the development of a new organism the first step is one of continual cell division to produce a tiny ball of cells. All these cells are capable of further divisions, and they are known as embryonic stem cells.


A stem cell is a cell that has the capacity for repeated cell division while maintaining an undifferentiated state (self-renewal), and the subsequent capacity to differentiate into mature cell types (potency). Stem cells are the building blocks of life; they divide and form cells that develop into the range of mature cells of the organism. Stem cells are found in all multicellular organisms.


At the next stage of embryological development most cells lose the ability to divide as they develop into the tissues and organs that make up the organism, such as blood, nerves, liver, brain and many others. 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. Table 1.4 compares embryonic and adult stem cells.
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Are there roles for isolated stem cells in medical therapies?


If stem cells can be isolated in large numbers and maintained in viable cell cultures, they have uses in medical therapies to replace or repair damaged organs. To do this, isolated stem cells must be manipulated under reproducible conditions so that they:





•  continue to divide in a sterile cell-culture environment (relatively large volumes of tissue are required)



•  differentiate into specific, desired blood cell types, like heart muscle



•  survive in a patient’s body after they have been introduced



•  integrate into a particular tissue type in the patient’s body



•  function correctly in the body for the remainder of the patient’s life



•  do not trigger any harmful reactions within the tissues of the patient’s body.





Medical conditions have been identified in which stem cell technologies may have the potential to bring relief or cure, a few examples of which are listed in Table 1.5.
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Nature of Science


Ethical implications of research


Where do therapeutic stem cells come from?


Stem cells may be obtained in several different ways.





1  Embryonic stem (ES) cells may come from the ‘spare’ embryos produced by the infertility clinics that treat infertile couples, provided this is allowed in law and agreed by the parents. Today, this remains controversial – the chief objection is that the embryo’s ‘life’ is destroyed in the process of gathering stem cells.



2  Blood extracted from the umbilical cord at the time of birth (cord blood) contains cells indistinguishable from the ES cells obtained as described above. Samples of cord blood (typically 40–100 cm3) are collected, the stem cells are harvested, and then multiplied by sterile cell-culture technique to yield sufficient ES cells for practical purposes. Since 100 million babies are born each year, this source should surely grow to be significant.



3  Sources of adult stem cells are also sought. They have been identified in many organs and tissues including the brain, bone marrow, skin and liver, although present there in tiny quantities and in a non-dividing state. These stem cells are naturally activated by damage or disease in the organ where they occur. The stem cells that generate blood cells are obtained from bone marrow and are already used in treatments.





Ethical implications in stem cell research


Stem cell research generates ethical issues. Ethics are the moral principles that we feel ought to influence the conduct of a society. The field of ethics is concerned with how we decide what is right and what is wrong. Today, developments in science and technology influence many aspects of people’s lives and often raise ethical issues. Stem cell research is just one case in point.


[image: ] You can learn more about ethics and how ethical decisions are made in Appendix 3: Defining ethics and making ethical decisions on the accompanying website.
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6 Identify the points you feel are important in support of and in opposition to the harvest and use of ES cells in medical therapies.
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[image: ] Keeping in touch with developments


ES cell techniques are controversial and experimental, and new therapeutic developments and challenges arise all the time as research progresses in many countries. You can keep in touch with developments in this (and other) aspects of modern biology by reference to journals such as Biological Sciences Review (www.bsr.manchester.ac.uk) and Scientific American (www.sciam.com). Other sources, including the BioNews website (www.bionews.org.uk), may be accessed using an internet search engine.


1.2 Ultrastructure of cells


Eukaryotes have a much more complex cell structure than prokaryotes



[image: ] Electron microscopy – the discovery of cell ultrastructure


Microscopes were invented simultaneously in different parts of the world at a time when information travelled slowly. Modern-day advances in microscopy and communications have allowed for improvements in the ability to investigate and collaborate, enriching scientific endeavour.


The electron microscope uses electrons to make a magnified image in much the same way as the optical microscope uses light. However, because an electron beam has a much shorter wavelength, its resolving power is much greater. When the electron microscope is used with biological materials, the limit of resolution is about 5 nm. (The size of nanometres is given in Table 1.1, page 2.)


Only with the electron microscope can the detailed structures of the cell organelles be observed. This is why the electron microscope is used to resolve the fine detail of the contents of cells, the organelles and cell membranes, collectively known as cell ultrastructure. It is difficult to exaggerate the importance of electron microscopy in providing our detailed knowledge of cells.


In the electron microscope, the electron beam is generated by an electron gun, and focusing is by electromagnets, rather than by glass lenses. We cannot see electrons, so the electron beam is focused onto a fluorescent screen for viewing, or onto a photographic plate for permanent recording (Figure 1.17).
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In transmission electron microscopy, the electron beam is passed through an extremely thin section of material. Membranes and other structures are stained with heavy metal ions, making them electron-opaque so they stand out as dark areas in the image.


In scanning electron microscopy, a narrow electron beam is scanned back and forth across the surface of the specimen. Electrons that are reflected or emitted from this surface are detected and converted into a three-dimensional image (Figure 1.18, Figure 6.40, page 290 and Figure 9.6, page 378).
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Freeze etching


In an alternative method of preparation, biological material is instantly frozen solid in liquid nitrogen. At atmospheric pressure this liquid is at –196ºC. At this temperature living materials do not change shape as the water present in them solidifies instantly.


This solidified tissue is then broken up in a vacuum, and the exposed surfaces are allowed to lose some of their ice; the surface is described as ‘etched’.


Finally, a carbon replica (a form of ‘mask’) of this exposed surface is made and coated with heavy metal to strengthen it. The mask of the surface is then examined in the electron microscope. The resulting electron micrograph is described as being produced by freeze-etching.


A comparison of a cell nucleus observed by both transmission electron microscopy and by freeze etching is shown in Figure 1.19. Look at these images carefully. The picture we get of nucleus structure is consistent; we can be confident that our views of cell structure obtained by electron microscopy are realistic.
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7 Distinguish between resolution and magnification.
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TOK Link


Sample preparation


The investigation of cell structures by observation of electron micrographs of very thin sections of tissue (after dehydration and staining) raises the issue of whether the structures observed are actually present (or are artefacts). The solution to this problem, described above, is an example of how scientific knowledge may require multiple observations assisted by technology.
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Nature of Science


Developments in scientific research follow improvements in apparatus


The impact of electron microscopy on cell biology


The presence and structure of organelles


The nucleus is the largest substructure (organelle) of a cell and may be observed with the light microscope. However, most organelles cannot be viewed by light microscopy and none is large enough for internal details to be seen. It is by means of the electron microscope that we have learnt about the fine details of cell structure. We now think of the eukaryotic cell as a bag of organelles suspended in a fluid matrix, contained within a special membrane, the plasma membrane.
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Prokaryotic and eukaryotic organization


Living things have traditionally been divided into two major groupings: animals and plants. However, the range of biological organization is more diverse than this. The use of the electron microscope in biology has led to the discovery of two types of cellular organization, based on the presence or absence of a nucleus.


Cells of plants, animals, fungi and protoctista have cells with a large, obvious nucleus. The surrounding cytoplasm contains many different membranous organelles. These types of cells are called eukaryotic cells (meaning a ‘good nucleus’).


On the other hand, bacteria contain no true nucleus and their cytoplasm does not have the organelles of eukaryotes. These are called prokaryotic cells (meaning ‘before the nucleus’).


This distinction between prokaryotic and eukaryotic cells is a fundamental division and is more significant than the differences between plants and animals. We will shortly return to examine the detailed structure of the prokaryotic cell, choosing a bacterium as our example (page 28). First, we need to look into the main organelles in eukaryotic cells.


The ultrastructure of the eukaryotic cell


In the living cell there is a fluid around the organelles. This is a watery (aqueous) solution of chemicals, called the cytosol. The chemicals in the cytosol are substances formed and used in the chemical reactions of life. All the reactions of life are known collectively as metabolism, and the chemicals are known as metabolites.


Cytosol and organelles are contained within the plasma membrane. This membrane is clearly a barrier of sorts. It must be crossed by all the metabolites that move between the cytosol and the environment of the cell. We will return to the structure of cell membrane and how molecules enter and leave cells. We next consider the structure and function of the organelles. The ultrastructure of a mammalian liver cell is shown in Figure 1.20. The interpretive drawing is an illustration of the application of the rules relating to observing microscopic structure (page 8).
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Our knowledge of organelles has been built up by examining electron micrographs of many different cells. The outcome, a detailed picture of the ultrastructure of animal and plant cells, is represented diagrammatically in a generalized cell in Figure 1.21.
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Introducing the organelles


1 Nucleus


The appearance of the nucleus in electron micrographs is shown in Figure 1.19 (page 18). The nucleus is the largest organelle in the eukaryotic cell, typically 10–20 μm in diameter. It is surrounded by a double-layered membrane, the nuclear envelope. This contains many pores. These pores are tiny, about 100 nm in diameter. However, the pores are so numerous that they make up about one third of the nuclear membrane’s surface area. This suggests that communications between nucleus and cytoplasm are important.


The nucleus contains the chromosomes. These thread-like structures are visible at the time the nucleus divides (page 142). At other times, the chromosomes appear as a diffuse network called chromatin.


One or more nucleoli are present in the nucleus, too. A nucleolus is a tiny, rounded, darkly-staining body. It is the site where ribosomes (see below) are synthesized. Chromatin, chromosomes and the nucleolus are visible only if stained with certain dyes. The everyday role of the nucleus in cell management, and its behaviour when the cell divides, are the subject of Section 1.6 (page 51).


Here, we can note that most cells contain one nucleus but there are interesting exceptions. For example, both the red blood cells of mammals (page 256) and the sieve tube element of the phloem of flowering plants (page 388) are without a nucleus. Both lose their nucleus as they mature.


2 Centrioles


A centriole is a tiny organelle consisting of nine paired microtubules (Figure 1.22), arranged in a short, hollow cylinder. In animal cells, two centrioles occur at right-angles, just outside the nucleus, forming the centrosome. Before an animal cell divides, the centrioles replicate, and their role is to grow the spindle fibres – the spindle is the structure responsible for movement of chromosomes during nuclear division.
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Microtubules themselves are straight, unbranched hollow cylinders, only 25 nm wide. The cells of all eukaryotes, whether plants or animals, have a well-organized system of these microtubules which shape and support the cytoplasm. Microtubules are involved in movement of other cell components within the cytoplasm too, acting to guide and direct them. The network of microtubules is made of a globular protein called tubulin. This is built up and broken down in the cell as the microtubule framework is required in different places for different tasks.


3 Mitochondria


Mitochondria appear mostly as rod-shaped or cylindrical organelles in electron micrographs (Figure 1.23). Occasionally their shape is more variable. They are relatively large organelles, typically 0.5–1.5 μm wide, and 3.0–10.0 μm long. Mitochondria are found in all cells and are usually present in very large numbers. Metabolically very active cells contain thousands of them in their cytoplasm – for example, muscle fibres and hormone-secreting cells.
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The mitochondrion also has a double membrane. The outer membrane is a smooth boundary, the inner membrane is folded to form cristae. The interior of the mitochondrion contains an aqueous solution of metabolites and enzymes. This is called the matrix. The mitochondrion is the site of the aerobic stages of respiration (page 118).


4 Chloroplasts


Chloroplasts are large organelles, typically biconvex in shape, about 4–10 μm long and 2–3 μm wide. They occur in green plants, where most occur in the mesophyll cells of leaves. A mesophyll cell may be packed with 50 or more chloroplasts. Photosynthesis is the process that occurs in chloroplasts. Photosynthesis is covered in Chapter 2.


Look at the chloroplasts in the electron micrograph in Figure 1.24. Each chloroplast has a double membrane. The outer layer of the membrane is a continuous boundary, but the inner layer is tucked to form a system of branching membranes called lamellae or thylakoids. In the interior of the chloroplast, the thylakoids are arranged in flattened circular piles called grana (singular granum). These look a little like a stack of coins. It is here that the chlorophylls and other pigments are located. There are a large number of grana present. Between them, the branching membranes are very loosely arranged in an aqueous matrix, usually containing small starch grains. This part of the chloroplast is called the stroma.
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Chloroplasts are one of a larger group of organelles called plastids. Plastids are found in many plant cells but never in animals. The other members of the plastid family are leucoplasts (colourless plastids) in which starch is stored, and chromoplasts (coloured plastids), containing non-photosynthetic pigments such as carotene, and occurring in flower petals and the root tissue of carrots.


5 Ribosomes


Ribosomes are tiny structures, approximately 25 nm in diameter. They are built of two subunits and do not have membranes as part of their structures. Chemically, they consist of protein and a nucleic acid known as RNA. Ribosomes are found free in the cytoplasm and bound to endoplasmic reticulum (rough endoplasmic reticulum – RER, see below). They also occur within the mitochondria and in the chloroplasts. The sizes of tiny objects like the ribosomes are recorded in Svedberg units (S). This is a measure of their rate of sedimentation in centrifugation, rather than of their actual size. Ribosomes of mitochondria and chloroplasts are slightly smaller (70S) than those in the rest of the cell (80S). We will return to this issue later (page 51).


Ribosomes are the sites where proteins are made in cells. The structure of a ribosome is shown in Figure 1.25. Many different types of cell contain vast numbers of ribosomes. Some of the cell proteins produced in the ribosomes have structural roles. Collagen is an example (page 92). Most cell proteins are enzymes. These are biological catalysts. They cause the reactions of metabolism to occur quickly under the conditions found within the cytoplasm.
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8 Explain why the nucleus in a human cheek cell (Figure 1.3, page 4) may be viewed by light microscopy in an appropriately stained cell, but the ribosomes cannot.
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6 Endoplasmic reticulum


The endoplasmic reticulum consists of a network of folded membranes formed into sheets, tubes or sacs that are extensively interconnected. Endoplasmic reticulum ‘buds off’ from the outer membrane of the nuclear envelope, to which it may remain attached. The cytoplasm of metabolically active cells is commonly packed with endoplasmic reticulum. In Figure 1.26 we can see there are two distinct types of endoplasmic reticulum.
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•  Rough endoplasmic reticulum (RER) has ribosomes attached. At its margin, vesicles are formed from swellings. A vesicle is a small, spherical organelle bounded by a single membrane, which becomes pinched off as it separates. These tiny sacs are then used to store and transport substances around the cell. For example, RER is the site of synthesis of proteins that are ‘packaged’ in the vesicles and then typically discharged from the cell. Digestive enzymes are discharged in this way.



•  Smooth endoplasmic reticulum (SER) has no ribosomes. SER is the site of synthesis of substances needed by cells. For example, SER is important in the manufacture of lipids. In the cytoplasm of voluntary muscle fibres, a special form of SER is the site of storage of calcium ions which have an important role in the contraction of muscle fibres.





7 Golgi apparatus


The Golgi apparatus consists of a stack-like collection of flattened membranous sacs (Figure 1.27). One side of the stack of membranes is formed by the fusion of membranes of vesicles from SER. At the opposite side of the stack, vesicles are formed from swellings at the margins that, again, become pinched off.
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The Golgi apparatus occurs in all cells, but it is especially prominent in metabolically active cells – for example, secretory cells. It is the site of synthesis of specific biochemicals, such as hormones and enzymes. These are then packaged into vesicles. In animal cells these vesicles may form lysosomes. Those in plant cells may contain polysaccharides for cell wall formation (page 78).


8 Lysosomes


Lysosomes are tiny spherical vesicles bound by a single membrane (Figure 1.28). They contain a concentrated mixture of ‘digestive’ enzymes. These are correctly known as hydrolytic enzymes. They are produced in the Golgi apparatus or by the rough ER.
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Lysosomes are involved in the breakdown of the contents of ‘food’ vacuoles. For example, harmful bacteria that invade the body are taken up into tiny vacuoles (they are engulfed) by special white cells called macrophages. Macrophages are part of the body’s defence system (Chapter 6).


Any foreign matter or food particles taken up into these vacuoles are then broken down. This occurs when lysosomes fuse with the vacuole. The products of digestion then escape into the liquid of the cytoplasm. Lysosomes will also destroy damaged organelles in this way.


When an organism dies, it is the hydrolytic enzymes in the lysosomes of the cells that escape into the cytoplasm and cause self-digestion, known as autolysis.


9 Plasma membrane – the cell surface membrane


The plasma membrane is an extremely thin structure – less than 10 nm thick. It consists of a lipid bilayer in which proteins are embedded. This membrane has a number of roles. Firstly, it retains the fluid cytosol. The cell surface membrane also forms the barrier across which all substances entering and leaving the cell must pass. In addition, it is where the cell is identified by surrounding cells.


The detailed structure and function of the cell surface membrane is the subject of Section 1.3 (page 30).


10 Cilia and flagella


Cilia and flagella are organelles that project from the surface of certain cells. Structurally, cilia and flagella are almost identical, and both can move.


Cilia occur in large numbers on certain cells, such as the ciliated lining (epithelium) of the air tubes serving the lungs (bronchi), where they cause the movement of mucus across the cell surface. It is the cilia of this ‘bronchial tree’ that cigarette smoke destroys over time. Flagella occur singly, typically on small, motile cells, such as sperm, or they may occur in pairs.


Cells may have extracellular components


We have noted that the contents of cells are contained within the plasma membrane. However, cells may secrete material outside the plasma membrane; for example, plant cells have an external wall, and many animal cells secrete glycoproteins.


The plant cell and its wall


The plant cell differs from an animal cell in that it is surrounded by a wall. This wall is completely external to the cell; it is not an organelle. Plant cell walls are primarily constructed of cellulose – a polysaccharide and an extremely strong material. Cellulose molecules are very long, and are arranged in bundles called microfibrils (Figure 2.18, page 79).


Cell walls make the boundaries of plant cells easy to see when plant tissues are examined by microscopy. The presence of this strong structure allows the plant cell to develop high internal pressure due to water uptake, without danger of the cell bursting. This is a major difference between the cell water relations of plants and animals.


Extracellular glycoproteins around animal cells
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9 Outline how the electron microscope has increased our knowledge of cell structure.
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Many animal cells are able to adhere to one other. This property enables cells to form compact tissues and organs. Other animal cells occur in simple sheets or layers, attached to a basement membrane below them. These cases of adhesion are brought about by glycoproteins that the cells have secreted. Glycoproteins are large molecules of protein to which large sugar molecules (called oligosaccharides) are attached.


Analysing transmission electron micrographs of cells



[image: ] 1 Comparing the organelles of cells


Examine the electron micrographs of specialized animal and plant cells in Figure 1.29, and then answer question 10.
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10 List the organelles common to the animal and plant cells illustrated in Figure 1.29. Annotate your list by recording the principal role or function of these structures.



List separately any organelles you observe to be present only in the plant cell.



11 Draw and label a representation of the electron micrograph of the palisade mesophyll cell in Figure 1.29, using the interpretive drawing of an animal cell in Figure 1.20 as a model, and following the guidelines on biological drawing on page 8.
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[image: ] 2 Deducing the function of specialized cells


The organelles present in a specialized cell, and their relative numbers, may suggest a specialized role for that cell within the multicellular organism in which it occurs. With this in mind, examine the cell illustrated in Figure 1.30, and then answer question 12.
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12 Identify the features of structure in the cell in Figure 1.30 – its shape, size and the organelles present. On the basis of these observations deduce the specialized role of the cell, giving your reasons.
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The ultrastructure of prokaryotic cells


We have seen that the use of the electron microscope in biology led to the discovery of eukaryotic and prokaryotic cell structure (page 19). Bacteria and cyanobacteria are prokaryotes. The generalized structure of a bacterium is shown in Figure 1.31. The distinctive features of the prokaryotes are:
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•  they are exceedingly small – about the size of individual organelles found in the cells of eukaryotes



•  they contain no true nucleus but have a single, circular chromosome in the cytoplasm, referred to as a nucleoid



•  their cytoplasm does not have the organelles of eukaryotes.





[image: ] Drawing the ultrastructure of prokaryotic cells based on electron micrographs


In Figure 1.32, the ultrastructure of Eschericha coli is shown. E. coli is a common bacterium of the human gut – it occurs in huge numbers in the lower intestine of humans and other endothermic (once known as ‘warm-blooded’) vertebrates, such as the mammals. It is a major component of the faeces of these animals.
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This tiny organism was named by a bacteriologist, Professor T. Escherich, in 1885. Notice the scale bar in Figure 1.32. This bacterium is typically about 1–3 µm in length – about the size of a mitochondrion in a eukaryotic cell.


The functions of each of the structures present – cell wall, plasma membrane, cytoplasm, pili, flagella, ribosomes and nucleoid, are included as annotations to their labels.


You can practise the skill of drawing the ultrastructure of a eukaryotic cell, using the electron micrograph shown in Figure 1.32.
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13 Calculate the approximate magnification of the image of E. coli in Figure 1.32.
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Prokaryotic and eukaryotic cells compared


By contrasting Figures 1.32 and 1.20 we can see that there are fundamental differences between prokaryotes and eukaryotes, both in cell size and cell complexity. In Table 1.6, prokaryotic and eukaryotic cells are compared.
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Cell division and reproduction in bacteria – the cell cycle


Bacterial cells grow to full size and then divide in two by a process called binary fission. The complete cycle of growth, from new cell to the point of division, may take as little as 20 minutes, provided the necessary conditions are maintained. E. coli is one of many species that can reproduce at this rate, at least initially. Of course, this growth rate cannot be maintained for long, but it does help to explain why bacteria are so numerous. For example, it is estimated that a gram of garden soil contains about 1000 million living bacteria – and an average square centimetre of human skin has a mere 10 million individual bacteria on it.


During growth, the cell contents increase so that after division each daughter cell has sufficient cytoplasm to metabolize and grow. Prior to division, the single circular chromosome, present in the form of a circular strand of DNA helix, divides. The copying process, known as replication, starts at a particular sequence of bases. This is the gene that codes for the enzyme which triggers the replication process. After division of the chromosome, a wall is laid down, dividing the cell into two. Daughter cells each have a copy of the chromosome (Figure 1.33).




[image: ]




1.3 Membrane structure


The structure of biological membranes makes them fluid and dynamic


We have seen that a plasma membrane is a structure common to eukaryotic and prokaryotic cells. The plasma membrane maintains the integrity of the cell (it holds the cell’s contents together). Also, it is a barrier across which all substances entering and leaving the cell pass.
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14 List the differences between a chromosome of a eukaryotic cell, and of a prokaryotic cell.



15 Distinguish between the following pairs of terms:







   a     cell wall and plasma membrane


   b     nucleus and nucleoid


   c     flagella and pili


   d     centriole and chloroplast.
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The structure of the plasma membrane


The plasma membrane is made almost entirely of protein and lipid, together with a small and variable amount of carbohydrate. Figure 1.34 shows how these components are assembled into the plasma membrane. This view of the molecular structure of the plasma membrane is known as the fluid mosaic model. The plasma membrane is described as fluid because the components (lipids and proteins) are on the move, and mosaic because the proteins are scattered about in this pattern.
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16 Draw a diagrammatic cross-section of the fluid mosaic membrane, using Figure 1.34 to help you. Label it correctly, using these terms: phospholipid bilayer, cholesterol, glycoprotein, integral protein, peripheral protein.
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The phospholipid component


The lipid of membranes is phospholipid. The chemical structure of phospholipid is introduced in Figure 1.35 and is covered in detail in Chapter 2, Figure 2.29, page 89.
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Take a look at phospholipid structure, now.


You see that phospholipid has a ‘head’ composed of a glycerol group, to which is attached one ionized phosphate group. This latter part of the molecule has hydrophilic properties (meaning ‘water-loving’). For example, hydrogen bonds readily form between the phosphate head and water molecules (page 69).


The remainder of the phospholipid consists of two long, fatty acid residues consisting of hydrocarbon chains. These ‘tails’ have hydrophobic properties (‘water-hating’). So phospholipid is unusual in being partly hydrophilic and partly hydrophobic. This is referred to as ‘amphipathic’.


What are the consequences of this dual nature of phospholipid?


A small quantity of phospholipid in contact with a solid surface (a clean glass plate is suitable) remains as a discrete bubble; the phospholipid molecules do not spread out. However, when a similar tiny drop of phospholipid is added to water it instantly spreads over the entire surface (as a monolayer of phospholipid molecules, in fact)! The molecules float with their hydrophilic ‘heads’ in contact with the water molecules, and with their hydrocarbon tails exposed above and away from the water, forming a monolayer of phospholipid molecules (Figure 1.35). When more phospholipid is added, the molecules arrange themselves as a bilayer, with the hydrocarbon tails facing together. This is the situation in the plasma membrane.


Additionally, in the lipid bilayer, attractions between the hydrophobic hydrocarbon tails on the inside, and between the hydrophilic glycerol/phosphate heads and the surrounding water on the outside make a stable, strong barrier.


The protein components


The proteins of plasma membranes are globular proteins (pages 91–92). Some of these proteins occur partially or fully buried in the lipid bilayer, and are described as integral proteins. Others are superficially attached on either surface of the lipid bilayer and are known as peripheral proteins.


The carbohydrate components


The carbohydrate molecules of the membrane are relatively short-chain polysaccharides. They occur only on the outer surface of the plasma membrane. Some of these molecules are attached to the proteins (glycoproteins) and some to the lipids (glycolipids). Collectively, they are known as the glycocalyx. Its various functions include cell–cell recognition, acting as receptor sites for chemical signals, and the binding of cells into tissues.


Cholesterol


Lipid bilayers have been found to contain molecules of a rather unusual lipid, in addition to phospholipids, present in variable amounts. This lipid is known as cholesterol (page 86). Cholesterol has the effect of disturbing the close-packing of the phospholipids, thereby increasing the flexibility of the membrane. We return to this feature shortly.
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Nature of Science


Using models as representations of the real world


What is the evidence for this model of membrane structure?


[image: ] What is known about the composition and structure of the plasma membrane has built up from evidence over a period of time. Studies in cell structure (cytology), cell biochemistry and cell behaviour (cell physiology) all contributed. The first ideas about a ‘membrane’ were based on the observations that:





• cell contents flow out when the cell surface is ruptured – a membrane barrier is present



• water-soluble compounds enter cells less readily than compounds that dissolve in lipids; this implies that lipids are a major component of the cell membrane



• in the presence of water (the environment of life) phospholipid molecules arrange themselves as a bilayer, with the hydrocarbon tails facing together, forming a stable, strong barrier



• protein is also present in cell membranes as a major component – approximately sufficient to cover both external surfaces of a lipid bilayer.





In response to the evidence, in 1952, James Danielli and Hugh Davson, two scientists, proposed a membrane structure (which was revised in 1954) in which a lipid bilayer was evenly coated with proteins on both surfaces. Pores were thought to be present in places in the membrane. Early electron micrographs of cell membranes seen in section appeared to support this model (Figure 1.36 A).
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Later, additional evidence inspired two cytologists (Singer and Nicholson, in 1972) to propose the fluid mosaic model of membrane structure:





• attempts to extract the protein from plasma membranes indicated that, while some occurred on the external surfaces and were easily extracted, others were buried within or across the lipid bilayers; these proteins were more difficult to extract



• freeze-etching studies of plasma membranes confirmed that when a membrane is, by chance, split open along its mid-line, some proteins are seen to occur buried within or across the lipid bilayers (Figure 1.36 B)



• experiments in which specific components of membranes were ‘tagged’ by reaction with marker chemicals (typically fluorescent dyes) showed component molecules to be continually on the move within membranes – a plasma membrane could be described as strong but ‘fluid’



• lipid bilayers contain molecules of an unusual lipid, cholesterol, the presence of which disturbs the close-packing of the bulk of the phospholipids of the bilayer; the quantity of cholesterol present may vary with the ambient temperatures that cells experience



• on the outer surface of the plasma membrane, antenna-like carbohydrate molecules form complexes with certain of the membrane proteins (forming glycoproteins) and lipids (forming glycolipids).
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Nature of Science


Falsification of theories


This sequence of discoveries illustrates the part that evidence plays in contradicting earlier conclusions and assumptions. The evidence led to a new hypothesis – here represented by a new model. Scientific knowledge is always tentative, based on the available evidence. It can be falsified at any moment by contrary evidence.
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TOK Link


The explanation of the structure of the plasma membrane has changed over the years as new evidence and ways of analysis have come to light. Under what circumstances is it important to learn about theories that were later discredited?
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17 State the difference between a lipid bilayer and the double membrane of many organelles.
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The roles of membrane proteins have been investigated subsequently. Proteins that occur partially or fully buried in the lipid bilayer are described as integral proteins. Those that are superficially attached on either surface of the lipid bilayer are known as peripheral proteins. Some of these membrane proteins may act as channels for transport of metabolites, or be enzymes and carriers, and some may be receptors or antigens. Those that are involved in transport of molecules across membranes are in the spotlight in the next section.



1.4 Membrane transport



Membranes control the composition of cells by active and passive transport


Movement of molecules across the plasma membrane of living cells is continual. Into and out of cells pass water, respiratory gases (oxygen and carbon dioxide), nutrients such as glucose, essential ions and excretory products.


Cells may secrete substances such as hormones and enzymes, and they may receive growth substances and certain hormones. Plants secrete the chemicals that make up their walls through their cell membranes, and assemble and maintain the wall outside the membrane. Certain mammalian cells secrete structural proteins such as collagen, in a form that can be assembled outside the cells.


In addition, the plasma membrane is where the cell is identified by surrounding cells and organisms. For example, protein receptor sites are recognized by hormones, by neurotransmitter substances from nerve cells, and by other chemicals sent from other cells. Figure 1.37 is a summary of this movement, and Figure 1.38 summarizes the mechanisms of transport across membranes, into which we need to look further.
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Movement by diffusion


Atoms, molecules and ions of liquids and gases undergo continuous random movements. These movements result in the even distribution of the components of a gas mixture and of the atoms, molecules and ions in a solution. So, for example, we are able to take a tiny random sample from a solution and analyse it to find the concentration of dissolved substances in the whole solution – because any sample has the same composition as the whole. Similarly, every breath we take has the same amount of oxygen, nitrogen and carbon dioxide as the atmosphere as a whole.


Continuous random movements of all molecules ensures complete mixing and even distribution, given time, in solutions and gases.


Diffusion is the free passage of molecules (and atoms and ions) from a region of their high concentration to a region of low concentration.


Where a difference in concentration has arisen in a gas or liquid, random movements carry molecules from a region of high concentration to a region of low concentration. As a result, the particles become evenly dispersed. The energy for diffusion comes from the kinetic energy of molecules. ‘Kinetic’ means that a particle has energy because it is in continuous motion.


Diffusion in a liquid can be illustrated by adding a crystal of a coloured mineral to distilled water. Even without stirring, the ions become evenly distributed throughout the water (Figure 1.39). The process takes time, especially as the solid has first to dissolve.
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Diffusion in cells


Diffusion across the cell membrane occurs where:





• The plasma membrane is fully permeable to the solute. The lipid bilayer of the plasma membrane is permeable to non-polar substances, including steroids and glycerol, and also to oxygen and carbon dioxide in solution, all of which diffuse quickly via this route (Figure 1.40).
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• The pores in the membrane are large enough for a solute to pass through. Water diffusing across the plasma membrane passes via the protein-lined pores of the membrane, and via tiny spaces between the phospholipid molecules. This latter occurs easily where the fluid mosaic membrane contains phospholipids with unsaturated hydrocarbon tails, for here these hydrocarbon tails are spaced more widely. The membrane is consequently especially ‘leaky’ to water, for example (Figure 1.41).
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18 Students were provided with cubes of slightly alkaline gelatine of different dimensions, containing an acid–alkali indicator that is red in alkali but yellow in acid. The cubes were placed in dilute acid solution, and the time taken for the colour in the gelatine to change from red to yellow was measured.
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   a     For each block, calculate the ratio of surface area to volume (SA:V).


   b     Plot a graph of the time taken for the colour change (vertical or y axis) against the SA:V ratio (horizontal or x axis).


   c     Explain why the colour changes more quickly in some blocks than others.








[image: ]





Facilitated diffusion


In facilitated diffusion, a substance that otherwise is unable to diffuse across the plasma membrane does so as a result of its effect on particular molecules present in the membrane. In the presence of the substance, these membrane molecules, made of globular protein, form into pores large enough to allow diffusion; they close up again when the substance is no longer present (Figure 1.42). In facilitated diffusion, the energy comes from the kinetic energy of the molecules involved, as is the case in all forms of diffusion. Energy from metabolism is not required. Important examples of facilitated diffusion are the movement of ADP into mitochondria and the exit of ATP from mitochondria (page 118).
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Case study: potassium channels for facilitated diffusion in axons


We will be investigating how nerves work later; you can see the structure of a nerve cell and its axon in Figure 6.42 (page 292). For the moment, we can note that a nerve impulse is transmitted along the axon of a nerve cell by a momentary reversal in electrical potential difference in the axon membrane, brought about by rapid movements of sodium and potassium ions (page 294). These ions pass by facilitated diffusion via pores in the membrane called ion channels. These pores are special channels of globular proteins that span the membrane (Figure 1.43). They have a central channel that can open and close. One type of channel is exclusively permeable to sodium ions, and another to potassium ions.
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The potassium channel is voltage-gated. This means that it opens or closes depending on a certain threshold membrane potential being reached. In fact, when the axon has a more positive charge outside than inside, the potassium channels are closed.


Almost immediately that an impulse has passed, there are relatively more positive charges inside the axon and the potassium channels open. Now, potassium ions can exit the axon down an electrochemical gradient, into the tissue fluid outside.


Then, as the interior of the axon starts to become less positive again, the potassium channel is closed, first by action of a ‘ball and chain’ device. The ‘chain’ is believed to be a flexible strand of amino acid residues and the ‘ball’ is globular protein. Finally, when the axon has more positive charge outside than inside, the potassium channel itself returns to the fully closed condition.
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19 Distinguish between diffusion and facilitated diffusion.
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Osmosis – a special case of diffusion


Osmosis is a special case of diffusion (Figure 1.44). It is the diffusion of water molecules across a membrane which is permeable to water (partially permeable). Since water makes up 70–90% of living cells and cell membranes are partially permeable membranes, osmosis is very important in biology. Why does osmosis happen?
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Dissolved substances attract a group of polar water molecules around them. The forces that hold the water molecules in this way are weak chemical bonds, including hydrogen bonds. Consequently, the tendency for random movement by the dissolved substances and their surrounding water molecules is very much reduced. Organic substances like sugars, amino acids, polypeptides and proteins, and inorganic ions like Na+, K+, Cl– and NO3–, have this effect on the water molecules around them.


The stronger the solution (i.e. the more solute dissolved per volume of water), the greater the number of water molecules that are held almost stationary. So, in a very concentrated solution, very many more of the water molecules have restricted movement than in a dilute solution. In pure water, all of the water molecules are free to move about randomly, and do so.


When a solution is separated from water (or a more dilute solution) by a membrane permeable to water molecules (such as the plasma membrane), water molecules that are free to move tend to diffuse, while dissolved molecules and their groups of water molecules hardly move, if at all. So there is a net flow (diffusion) of water, from a more dilute solution into a more concentrated solution, across the membrane. This why the membrane is described as partially permeable.


So we can define osmosis as the net movement of water molecules (solvent), from a region of high concentration of water molecules to a region of lower concentration of water molecules, across a selectively permeable membrane. Alternatively, we can state that osmosis is the passive movement of water molecules across a partially permeable membrane, from a region of lower solute concentration to a region of higher solute concentration.


Dissolved solutes generate solute potential


The dissolved solutes present in the cytoplasm and vacuoles of cells generate a force known as the solute potential. Solute potential was previously referred to as osmotic pressure or osmotic potential, although these terms have now been abandoned.


Using a simple osmometer (Figure 1.45) we can demonstrate the solute potential of a solution. When the osmometer containing a concentrated solution is lowered into a beaker of water, very many more water molecules stream across the membrane into the solution and very few move in the opposite direction. The solution is diluted and it rises up the attached tube. Osmometers of this sort could be used to compare solute potentials of solutions with different concentrations.
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20 When a concentrated solution of glucose is separated from a dilute solution of glucose by a partially permeable membrane, determine which solution will show a net gain of water molecules.



21 Explain what happens to a fungal spore that germinates after landing on jam made from fruit and its own weight of sucrose.
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Osmosis in plant and animal cells


The effects of osmosis on plant and animal cells can be quite different.


Can you think why?


First consider osmosis in an individual plant cell, with its cellulose cell wall (Figure 1.46 A). Whether the net direction of water movement is into or out of a plant cell depends on whether the concentration of the cell solution is more or less concentrated than the external solution.
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When the external solution is less concentrated (hypotonic) than the cell solution there is a net inflow of water into the cell by osmosis, and the cell solution becomes diluted. Then the cell contents become stretched by water uptake, and they press hard against the cell wall. If this happens the cell is described as turgid. The pressure that develops (due to the stretching of the wall) eventually becomes so great it prevents further uptake of water. The cell wall has protected the delicate cell contents from damage due to osmosis, but the tissue may be quite rigid due to the internal pressure.


When the external solution is more concentrated (hypertonic) than the cell solution there is a net flow of water out of the cell by osmosis, and the cell solution becomes more concentrated. As the volume of cell solution decreases, the cytoplasm pulls away from parts of the cell wall (contact with the cell wall is maintained at points where there are cytoplasmic connections between cells). The cell becomes flaccid, and it is said to be plasmolysed (from plasmo = cytoplasm, lysis = splitting).


In the case of an animal cell, the absence of a protective cellulose wall generates a serious problem in terms of water relations. A typical animal cell – a red blood cell is a good example – when placed in pure water or a hypotonic solution will quickly break open from the pressure generated by the entry of an excessive amount of water by osmosis. This is illustrated in Figure 1.46 B. Notice that the same cells, when placed in a hypertonic solution, shrink in size due to net water loss from the cytoplasm.


In mammals and other animals the osmotic concentration of body fluids (blood plasma and tissue fluid) is very carefully regulated, maintaining the same osmotic concentration inside and outside body cells (isotonic conditions), which avoids such problems. This process is an aspect of osmoregulation (Chapter 11).


Osmosis in aquatic unicellular animals


Many unicellular animals survive in fresh water aquatic environments where the external medium is normally hypotonic to their cell solution. These organisms experience a continuous net inflow of water by osmosis and are in danger of disruption of the plasma membrane by high internal pressure.


The protozoan Amoeba is one example. In fact, the cytoplasm of amoebae contains a tiny water pump, known as a contractile vacuole, which works continuously to pump out excess water. The importance of the contractile vacuole to these organisms is fatally demonstrated if the cytoplasm is temporarily anaesthetized. The animal quickly bursts (Figure 1.47).
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Medical application of osmosis


When human organs are donated for transplant surgery they have to be maintained in a saline solution that is isotonic with the cells of the tissues and organs, in order to prevent damage to cells due to water uptake or loss during transit to the recipient patient.


Medical application of diffusion


In cases of kidney failure, urea and sodium ions may start to accumulate in the blood to harmful levels. In these cases, a treatment known as hemodialysis is prescribed. In hemodialysis, the patient’s blood is circulated through an external, partially permeable membrane, arranged so that urea and toxic substances are removed by diffusion. You can see this application of diffusion illustrated in Figure 11.35 (page 479). Look at this illustration now.
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Nature of Science


Experimental design—accurate quantitative measurement



[image: ] Estimation of osmotic concentration (osmolarity) of plant tissue


When plant cells are bathed in a solution that is isotonic with the cell cytosol there is no net entry or exit of water from the cells. The tissue remains of the same dimensions and mass. Alternatively, if similar plant tissue is placed in a hypertonic solution, the tissue decreases in dimensions and mass. When placed in a hypotonic solution, it increases in dimensions and mass. This observation is the basis of the experiment illustrated in Figure 1.48. Here the aim is to discover the concentration of the bathing solution isotonic with the cells of potato tuber. Study the sequence of steps involved in the experiment. Note the importance of:
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• accurate weighing out of the solute (sucrose in this case)



• accurate pipetting of solution from tube to tube in the process of serial dilution



• the use of replicate sample of tissue in each tube



• the accurate measurement of the length of the tissue strips at the end of the experiment.





Examine the graph to identify what molar concentration of sucrose is isotonic with the cytosol of the potato tissue used in this experiment.
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22 State the significance of the use of three tissue strips in each of the tubes in Figure 1.48.
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Movement by active transport


We have seen that diffusion is due to random movements of molecules and occurs spontaneously from a high to a low concentration. However, many of the substances required by cells have to be absorbed from a weak external concentration and taken up into cells that contain a higher concentration. Uptake against a concentration gradient cannot occur by diffusion. Instead, it requires a source of energy to drive it. This type of uptake is known as active transport.


In active transport, metabolic energy produced by the cell, held as ATP (energy currency – page 115), is used to drive the transport of molecules and ions across cell membranes. Active transport has characteristic features distinctly different from those of movement by diffusion.


1 Active transport occurs against a concentration gradient


Active transport occurs from a region of low concentration to a region of higher concentration. The cytoplasm of a cell normally holds reserves of valuable molecules and ions, like nitrate ions in plant cells or calcium ions in muscle fibres. These useful molecules and ions do not escape; the cell membrane retains them inside the cell. When more useful molecules or ions become available for uptake, they are actively absorbed into the cells. This happens even though the concentration outside the cell is lower than that inside.


2 Active uptake is highly selective


For example, in a situation where potassium chloride (K+ and Cl– ions) is available to an animal cell, K+ ions are more likely to be absorbed, since they are needed by the cell. Where sodium nitrate (Na+ and NO3– ions) is available to a plant cell, it is likely that more of the NO3– ions will be absorbed than the Na+, since this reflects the needs of plant cells.


3 Active transport involves special molecules of the membrane, called pump molecules


The pump molecules pick up particular molecules or ions and transport them to the other side of the membrane, where they are then released. The pump molecules are globular proteins (pages 91–92), sometimes also called carrier proteins. These span the lipid bilayers (Figure 1.34). Movements by the pump molecules require reaction with ATP; this reaction supplies metabolic energy to the process. Most membrane pumps are specific to particular molecules or ions, bringing about selective transport. If the pump molecule for a particular substance is not present, the substance will not be transported.


Active transport is a feature of most living cells. We meet examples of active transport in the gut where absorption occurs (page 252), in the active uptake of ions by plant roots (page 375), in the kidney tubules where urine is formed (page 472) aznd in nerve fibres where an impulse is propagated (page 293).


The protein pumps of plasma membranes are of different types. Some transport a particular molecule or ion in one direction (Figure 1.49), while others transport two substances (like Na+ and K+) in opposite directions (Figure 1.50). Occasionally, two substances are transported in the same direction; for example, Na+ and glucose (Figure 6.42, page 292).
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Case study: structure and function of sodium–potassium pumps in axons


A nerve impulse is transmitted along the axon of a nerve cell by a momentary reversal in electrical potential difference in the axon membrane, brought about by rapid movements of sodium and potassium ions. You can see the structure of a nerve cell and its axon in Figure 6.42 (page 290).


Sodium–potassium pumps are globular proteins that span the axon membrane. In the preparation of the axon for the passage of the next nerve impulse, there is active transport of potassium (K+) ions in across the membrane and sodium (Na+) ions out across the membrane. This activity of the Na+/K+ pump involves transfer of energy from ATP. The outcome is that potassium and sodium ions gradually concentrate on opposite sides of the membrane.


The steps to the cyclic action of these pumps are:





•  with the interior surface of the pump open to the interior of the axon, three sodium ions are loaded by attaching to specific binding sites



•  reaction of the globular protein with ATP now occurs, resulting in the attachment of a phosphate group to the pump protein; this triggers the pump protein to close to the interior of the axon and open to the exterior



•  the three sodium ions are now released and, simultaneously, two potassium ions are loaded by attaching to specific binding sites



•  with the potassium ions loaded, the phosphate group detaches; this triggers a reversal of the shape of the pump protein – it now opens to the interior, again, and the potassium ions are released



•  the cycle is now repeated again.
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23 Samples of five plant tissue discs were incubated in dilute sodium chloride solution at different temperatures. After 24 hours, it was found that the uptake of ions from the solutions was as shown in the table (arbitrary units).
Comment on how absorption of sodium chloride occurs, giving your reasons.






	 

	Sodium ions

	Chloride ions






	Tissue at 5 °C

	 80

	40






	Tissue at 25 °C

	160

	80
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Movement by bulk transport


Another mechanism of transport across the plasma membrane is known as bulk transport. It occurs by movements of vesicles of matter (solids or liquids) across the membrane by processes known generally as cytosis. Uptake is called endocytosis and export is exocytosis.


The strength and flexibility of the fluid mosaic membrane make this activity possible. Energy from metabolism (ATP) is also required. For example, when solid matter is being taken in (phagocytosis), part of the plasma membrane at the point where the vesicle forms is pulled inwards and the surrounding plasma membrane and cytoplasm bulge out. The matter, thus, becomes enclosed in a small vesicle.


Vesicles are used to transport materials within cells, for example, between the rough endoplasmic reticulum (RER) and the Golgi apparatus, and on to the plasma membrane (Figures 1.26 and 1.27).


In the human body, there is a huge number of phagocytic cells (phagocytosis means ‘cell eating’). These are called the macrophages. The macrophages engulf the debris of damaged or dying cells and dispose of it. For example, we break down about 2 × 1011 red blood cells each day. These are ingested and disposed of by macrophages, every 24 hours.


Bulk transport of fluids is referred to as pinocytosis (Figure 1.51).
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24 Distinguish between the following pairs:







   a     proteins and lipids in cell membranes


   b     active transport and bulk transport


   c     endocytosis and exocytosis.
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1.5 The origin of cells


There is an unbroken chain of life from the first cells on Earth to all cells in organisms alive today
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Nature of Science


Testing the general principles that underlie the natural world


Cells are formed by division of pre-existing cells


At one time it was believed that cells could arise spontaneously – known as ‘spontaneous generation’. This idea was based on the ‘mysterious’ appearances of living things, such as when:





•  the growth of moulds occurred on exposed foods, like cheese



•  maggots appeared in exposed meat (certainly by the time it was rotting)



•  opened bottles of wine turned cloudy (and the contents turned into vinegar) at favourable temperatures.





At this time, it was not known that ‘clean’ air carried vast numbers of tiny, viable spores of a range of microorganisms. Pasteur’s investigation of this contamination process played an important part in disproving the spontaneous generation theory.
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Pasteur’s investigation of ‘spontaneous generation’


Look at the illustration of Pasteur’s experiment in Figure 1.2 (page 3). The results confirmed that the air contains ‘invisible’ spores of microorganisms. When these spores reach favourable fluids or liquids (such as the nutrient broth that Pasteur used) they ‘germinate’, giving rise to huge populations of microorganisms by cell division. The result is that nutrient liquids become cloudy, and nutrient solids grow visible colonies and moulds. All these cells have arisen by division of pre-existing cells. Pasteur’s experiment may be repeated in laboratories today, as shown in Figure 1.52. Look at it carefully. Can you say what safety steps are required, and why?
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The origin of the first cells


In biology, the term ‘evolution’ specifically means the processes that have transformed life on Earth from its earliest beginnings to the diversity of forms we know about today, living and extinct. It is an organizing principle of modern biology. It helps us make sense of the ways living things are related to each other, for example.


The evolution of life in geological time has involved major steps – none more so than the origin of the first cells. Unless these first cells arrived here from somewhere else in the universe, they must have arisen from non-living materials – starting from the components of the Earth’s atmosphere at the time. About these very first steps we can only speculate.


The spontaneous origin of life on Earth


The formation of living cells from non-living materials would have required the following steps:





•  the synthesis of simple organic molecules, such as sugars and amino acids



•  the assembly of these molecules into polymers (page 78)



•  the development of self-replicating molecules, the nucleic acids



•  the retention of these molecules within membranous sacs, so that an internal chemistry developed, different from the surrounding environment.





Experimental evidence for the origin of organic molecules


The molecules that make up living things are built mainly from carbon, hydrogen and oxygen, with some nitrogen, phosphorus, sulfur, and with a range of atoms of relatively few other elements also present. Today, living things make these molecules by the action of enzymes in their cells, but for life to originate from non-living material, the first step was the non-living synthesis of simple organic molecules.


S.L. Miller and H.C Urey (1953) investigated how simple organic molecules might have arisen from the ingredients present on Earth before there was life. They used a reaction vessel in which particular environmental conditions could be reproduced. For example, strong electric sparks (simulating lightning) were passed through mixtures of methane, ammonia, hydrogen and water vapour for a period of time. They discovered that amino acids (some known components of cell proteins) were formed naturally, as well as other compounds (Figure 1.53).
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This approach confirmed that organic molecules can be synthesized outside cells, in the absence of oxygen. The experiment has subsequently been repeated, sometimes using different gaseous mixtures and other sources of energy (UV light, in particular), in similar apparatus. The products have included amino acids, fatty acids and sugars such as glucose. In addition, nucleotide bases have been formed and, in some cases, simple polymers of all these molecules have been found. So, we can see how it is possible that a wide range of organic compounds could have formed on the pre-biotic Earth, including some of the building blocks of the cells of organisms.
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TOK Link


To what extent can you argue that Miller and Urey’s experimental response to a seemingly insoluble issue was (i) an example of a reductionist approach, and (ii) uniquely a scientific response?
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Assembly of the polymers of living things


For polymers to be assembled in the absence of cells and enzymes would have required the concentration of biologically important molecules such as monosaccharides (the simple sugars – building blocks for polysaccharides), amino acids (building blocks for proteins) and fatty acids (for lipid synthesis). They would need to come together in ‘pockets’ where further chemical reactions between them were possible. This might have happened in water close to larval flows of volcanoes or at the vents of sub-marine volcanoes where the environment is hot, the pressure is high, and the gases being vented are often rich in sulfur and other compounds. There is some evidence for the latter.


Origin of self-replicating molecules


For the evolution of life from a mixture of polymers and their monomers, two special situations need to emerge:





•  a ‘self-replication’ system



•  an ability to catalyse chemical change.





Today, in living cells, these essentials are achieved by DNA, the home of the genetic code, and enzymes, which are typically of large, globular proteins (page 92). However, neither of these has been synthesized in any experiments that repeat Miller and Urey’s demonstration of how biologically important molecules might have been synthesized in the pre-biotic world.


So what may have filled the roles of DNA and enzymes in the origin of life?


A likely answer came as a by-product of a genetic engineering experiment, investigating the enzymes needed to join short lengths of nucleic acid known as RNA (page 105). It was discovered that RNA, as well as being information molecules, may also function as enzymes. Perhaps short lengths of RNA combined the roles of ‘information molecules’ and ‘enzymes’ in the evolution of life itself.


Universality of the genetic code


Although RNA fragments are fairly inefficient enzymes, they may catalyse the formation of DNA (although sometimes in an error-prone way). We now know that the 64 codons in the genetic code of DNA have the same meaning in nearly all organisms. This supports the idea of a common origin of life on Earth; that the very first DNA has sustained an unbroken chain of life from the first cells on Earth to all cells in organisms alive today. Only the most minor variations in the genetic code have arisen in the evolution and expansion of life since it originated 3500 million years ago.


Formation of the first cells
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25 Suggest likely chemical changes that would have occurred in the first cells, and that would have required a catalyst.
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The fossil record tells us the first cells were prokaryotes. How were these cells assembled?


We have seen that a few lipid molecules form a monolayer on the surface of water, and with more lipid present bilayers form – the basis of plasma membranes today. Lengths of these bilayers are likely to have formed microspheres (Figure 1.54). Perhaps simple microspheres, surrounding a portion of a pre-biotic ‘soup’ of polymers and monomers, were the fore-runners of cells. These may have formed membrane systems with distinctive internal chemistry, as they developed a chemical environment different from the surroundings.
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Prokaryote to eukaryote


Prokaryote cells differ from microspheres in a number of ways. For example, attached to the plasma membrane in the prokaryote cell is a circular chromosome – either of RNA or DNA. Also, a cell wall of complex chemistry is secreted outside the membrane barrier. However, the first prokaryotes could have survived nutritionally on the organic molecules of the pre-biotic soup. In this early environment, with its wealth of organic molecules surrounding simple cells, ‘digestion’ and ‘respiration’ would have demanded limited enzymic machinery. These biochemical sophistications would have to evolve with time – if life originated in this manner.
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26 Explain why we can expect that, of all the fossils found in sedimentary rock, those of the lowest strata may bear the least resemblance to present-day forms.
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Present-day prokaryotes are similar to fossil prokaryotes, some of which are 3500 million years old. By comparison, the earliest eukaryote cells date back only 1000 million years. How did eukaryotic cells arise?


The origin of eukaryotic cells can be explained by the endosymbiotic theory (Figure 1.55). The eukaryotic cell may have formed from large prokaryote cells that came to contain their chromosome (whether of RNA or DNA) in a sac of infolded plasma membrane. If so, a distinct nucleus was now present. But how were the other organelles originated? Remember, membranous organelles are a feature of eukaryotes, additional to their discrete nucleus.
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In the evolution of the eukaryotic cell, prokaryotic cells (which had been taken up into food vacuoles for digestion) may have survived as organelles inside the host cell, rather than becoming food items! They would have become integrated into the biochemistry of their ‘host’ cell over time. This would explain why mitochondria (and chloroplasts) contain a ring of DNA double helix, together with small ribosomes, just like a bacterial cell. It is these features that suggest these organelles are descendants of free-living prokaryotic organisms that came to inhabit larger cells. This concept is known as the endosymbiotic origin of eukaryotes (Table 1.7).
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1.6 Cell division


Cell division is essential but must be controlled


To recap, multicellular organisms begin life as a single cell which grows and divides. During growth, this cycle is repeated almost endlessly, forming many cells. It is these cells that eventually make up the adult organism. So, new cells arise by division of existing cells, and the cycle of growth and division is called the cell division cycle. This cycle has three main stages:





•  interphase



•  division of the nucleus by a process (mitosis) that results in two nuclei, each with an identical set of chromosomes



•  division of the cytoplasm and whole cell (known as cytokinesis).





In fact, in each stage of the cell cycle particular events occur. These events are summarized in Figure 1.56, and they are also discussed below. Look at the subdivision of interphase now – distinctive features are identified in each stage.
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Interphase


Interphase is always the longest part of the cell cycle, but it is of extremely variable length. When growth is fast, as in a developing human embryo and in the growing point of a young stem, interphase may last about 24 hours or less. On the other hand, in mature cells that infrequently divide it lasts a very long period – sometimes indefinitely. For example, some cells, once they have differentiated, rarely or never divide again. Here, the nucleus remains at interphase permanently.


An overview of interphase


When the nucleus of a living cell at interphase is observed by light microscopy, the nucleus appears to be ‘resting’. This is not the case. During interphase, the chromosomes are actively involved in protein synthesis. From the chromosomes, copies of the information of particular genes or groups of genes (in the form of mRNA, page 106) are taken for use in the cytoplasm. It is in the ribosomes of the cytoplasm that proteins are assembled from amino acids, combined in sequences dictated by the information from the gene and relayed in the form of mRNA.


The distinctively compact chromosomes, visible during mitosis (Figure 1.58), become dispersed in interphase. They are now referred to as chromatin. Amongst the chromatin can be seen one or more dark-staining structures, known as nucleoli (singular nucleolus). Chemically, the nucleoli consist of protein and RNA, and they are the site of synthesis of the ribosomes. These tiny organelles then migrate out into the cytoplasm.


The steps of interphase


During the first phase of growth (G1), the synthesis of new organelles takes place in the cytoplasm. This is also a time of intense biochemical activity in the cytoplasm and organelles, and there is an accumulation of energy store before nuclear division occurs again.
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27 State what structures of the interphase nucleus can be seen by electron microscopy.
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Next is a period of synthesis of DNA (S), when each chromosome makes a copy of itself. It is said to replicate. The two identical structures formed are called chromatids. The chromatids remain attached until they divide during mitosis.


Finally, there is a second phase of growth (G2), which is a continuation of the earlier time of intense biochemical activity and increase in amount of cytoplasm.


Control of the cell cycle


Look back at the stages of the cell cycle (Figure 1.56). Note that it consists of distinct phases, represented in shorthand as G1, S, G2, M and C.


The cell cycle is regulated by a molecular control system. The key points of this system are outlined below, best understood in conjunction with Figure 1.57:
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•  In the cell cycle there are key checkpoints where signals operate. These are stop points which have to be overridden.



•  Three checkpoints are recognized – at G1, G2 and in M.



•  At the G2 checkpoint, if the ‘go-ahead’ signal is received here, the cell goes through to M to C, for example.



•  The molecular control signal substance in the cytoplasm of cells are proteins known as kinases and cyclins.



•  Kinases are enzymes that either activate or inactivate other proteins. Kinases are present in the cytoplasm all the time, though sometimes in an inactive state.



•  Kinases are activated by specific cyclins, so they are referred to as cyclin-dependent kinases (CDKs).



•  Cyclin concentrations in the cytoplasm change constantly. As the concentrations of cyclins increase, they combine with CDK molecules to form a complex which functions as a mitosis-promoting factor (MPF).
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B Fgure 1.26 Endoplasmic reticulum, rough (RER) and smooth (SER)
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1 metre (m) =1000 millimetres (mm)

1mm = 1000 micrometres (um) (or microns)

Tum = 1000 nanometres (nm)

B Table 1.1 Units of length used in microscopy
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You need to master and be able to demonstrate these aspects of good practice

Knowledge of the parts of your microscope, and care of the instrument — its ight source, lenses and focusing
mechanisms

Use in low-power magnification first, using prepared slides and temporary mounts.

Switching to high-power magnification, maintaining focus and examining different parts of the image.

Types of microscope slides and the preparation of temporary mounts, both stained and unstained

Getting started: With a slide, a drop of water and a cover slip, you can trap tiny air bubbles under the cover
slip. Now try examining one of these air bubbles under low-power magnification and then its meniscus under
high power.

W Table 1.3 The skills of light microscopy
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Plant cells Feature

Animal cells

cellulose cell wall present cell wall no cellulose cell walls
many cells contain chloroplasts; chloroplasts no chloroplasts; animal cells
site of photosynthesis cannot photosynthesize
large, fluid-filled vacuole typically permanent vacuole no large permanent vacuoles
present
no centrosome centrosome a centrosome present outside
the nucleus
starch carbohydrate storage product glycogen

W Table 1.2 Differences between plant and animal cells
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Agure 1.18 A scanning electron micrograph
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™ Figure 16 Light microscopy
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In Stargardt’s disease there is a breakdown of light-sensitive cells in the retina in the area where fine
focusing occurs. Peripheral vision is not nitially affected, but blindness is a typical outcome in most cases.
It is an inherited condition, due to a mutation of a gene associated with the processing of vitamin A in the
eye. Currently, embryonic stem cells are being used in human dlinical trials to regenerate damaged light-
sensitive cels. Stem cells have been tested in animal models, resulting in 100% improvement in some cases.

Parkinson’s disease arises from the death of neurons (nerve cels) in the part of the mid-brain that controls
subconscious muscle activities by means of a neurotransmitter substance called dopamine. Movement
disorders result, with tremors in the hands, limb rigidity, slowness of movements and impaired balance.

Cardiac muscle damage (death of muscle fibres) can be due to myocardial infarction, or heart attack,
and is caused by major interruption to the blood supply to areas of cardiac muscle

Type 1 diabetes arises when the B-cels of the pancreas are destroyed by the body's immune system and
a severe lack of insulin results. Insulin (a hormone) normally maintains the blood's glucose concentration
at about 90mg/100cm?. In diabetics, the level of blood glucose is not controlled and generally becomes
permanently raised. Glucose is regularly excreted in the urine.

® Table 1.5 Examples of diseases that may be treated by stem cell technology
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Embryonic stem (ES) cells Adult stem cells

These are undifferentiated cells capable of continual  Undifferentiated cells capable of celldivisiors, these
cell division and of developing into all the cell types  give rise to a limited range of cells within a tissue, for

of an adult organism example blood stem cells give rise to red and white
blood cells and platelets only.

These make up the bulk of the embryo as it Occurring in the growing and adult body, within

commences development most organs, they replace dead or damaged cells,

such as in bone marrow, brain and liver.

m Table 1.4 Differences between embryonic and adult stem cells
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Prokaryotes are known to inhabit some eukaryotic cells

Chloroplasts and mitochondria reproduce by binary fission, just as prokaryotes do.

Chloroplasts and mitochondria contain circular DNA (not associated with histone proteins), like that of prokaryotes

Chloroplasts and mitochondria contain ribosomes of the size (705) also found in prokaryotes

Chloroplasts and mitochondria transcribe mRNA from their DNA, and synthesize specific proteins in their
tibosomes, as prokaryotes do.

Chloroplasts and mitochondria are similar in size to prokaryotes.

W Table 1.7 Evidence for the endosymbiotic theory





OEBPS/OEBPS/images/1.57.jpg
B Figure 1.57 The molecular control system of the cell cycle
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Prokaryotes

Eukaryotes

.. bacteria, cyanobacteria

9. mammals, green plants, fungi

cells are extremely small, typically about 1-5pm in
diameter

cells are larger, typically 50-150pm

nucleus absent; circular DNA helix in the cytoplasm,
DNA not supported by histone proteins

nucleus has distinct nuclear membrane (with pores),
with chromosomes of linear DNA helix supported by
histone protein

cell wall present (peptidoglycan — long molecules of
chains of amino acids and sugars)

cell wall present in plants (largely of cellulose) and
fungi (iargely of the polysaccharide chitin)

few organelles; membranous structures absent

many organelles bounded by double membrane
(e.g. chloroplast, mitochondria, nucleus) or single
membrane (e.0. Golgi apparatus, lysosome, vacuole,
endoplasmic reticulum)

proteins synthesized in small ribosomes (705)

proteins synthesized in large ribosomes (80S)

some cells have simple flagella

some cells have cilia or flagella, 200nm in diameter

some can fix atmospheric nitrogen gas for use in the
production of amino acids for protein synthesis

none can metabolize atmospheric nitrogen gas
but, instead, require nitrogen already combined in
molecules in order to make proteins from amino
acids (page 89)

W Table 1.6 Prokaryote and eukaryote cells compared
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B Figure 1.56 The stages of the cell cyde
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' Figure 135 The phospholipid molecule and its response when added to water (the formation of
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% Figure 1.34 The fluid mosaic model of the plasma membrane
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B Figure 1.33 The steps of the cell cycle and binary





OEBPS/OEBPS/images/1.32.jpg
‘*structures that occur
inall bacteria

Flagella - bring about
movement of the
badterium

plasma membrane*-

a barrier across which

|| all nutients and waste
products must pass

site of the cheical
reactions of ffe

ribosomes*-site of
protein synthesis

Rucleoid- genetic
material: asingle
dircular chromosome

of about 4000 genes

cell wall*- protects
cel from rupture
caused by osmosis and
\ possible harm from
food granule  plasmid  other organisms

electron micrograph of Escherichia coli

B Figure 1.32 The structure of Escherichia coll, together with an Interpretive drawing
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Figure 1.30 Electron micrograph of a spedialized cell (x4500)
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B Figure 1.3 Animal and plant cells from multicellular organisms
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Dimensions/mm Surface area/mm? Volume/mm® Time/minutes

10x10x 10 600.0 1000.0 120
5x5x5 1500 125.0 45
4xaxa 96.0 64.0 42

25x25x25 375 156 40
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Figure 1.29 Electron micrographs of named animal and plant cells
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B Figure 1.27 The Golgi apparatus
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Paramecium - a large protozoan (about 600 um), common in
freshwater ponds.

Chlorella - a small alga (about 20pm), abundant
in freshwater ponds where its presence colours
the water green.

waste food vacuoles of
disposed of T bacteria formed here

gullet (‘cytopharynx)

plasma membrane

- cellulose
== afeeding current cell wall
is generated
by ciliain the nudleus ~

products ,oral groove \ 2
of digestion
absorbed =
into Y chloroplast
cytoplasm ] cytoplasm

food vacuoles have £—— £ direction of

digestive enzymes. movement

added, first in an acid

phase, then in an

alkaline phase
A particle feeder’, it takes in small floating unicellular nutrition Manufactures sugars by photosynthesis i the light,
organisms into food vacuoles in the cytoplasm where using carbon dioxide and water (in a way that is
the contents are digested and the products absorbed. almost identical to photosynthesis i flowering

plants).
Respires aerobically, transferring energy to maintain cell respiration Respires aerobically, transferring energy to maintain
functions. cell functions.
Obtains the biochemicals it requires for metabolism metabolism Manufactures all biochemicals it requires for
by digestion of food particles. Energy transferred by metabolism using sugars (from photosynthesis) and
respiration makes this possible. ions (such as nitrates) from the surrounding water.
Energy transferred by respiration makes this possible.

Loss of waste products (mainly CO, and NH,) over the excretion Loss of waste products (mainly CO,) over the entire

entire cell surface.

cell surface.

Commonly, reproduction occurs by nuclear division
followed by a transverse constriction of the cytoplasm.

reproduction

Periodically the cell contents divide into four
autospores that each forms a cel wall around
themselves. Eventually these are released by
breakdown of the mother-cell wall.

swims rapidly through the water, rotating as it goes.

Food vacuoles within can be seen being carried around
the cytoplasm.

movement/locomotion

A stationary cell.

Cytoplasm within stream around within the plasma
membrane.

Typically detects favourable food particles in the water
and moves towards them.

sensitivity

Typically responds to the absence of light by nuclear
followed by celldivision.

small cells grow to fullsize prior to cell ivision (dividing
into two cells).

growth/development

small cells grow to fullsize prior to celldivision into
autospores.
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