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Get the most from this book

Welcome to the OCR A Level Biology 1 Student’s Book. This book covers Year 1 of the OCR A Level Biology specification and all content for the OCR AS Level Biology specification.

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

This is a short list of topics that you should be familiar with before starting a chapter. The questions will help to test your understanding.
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Key terms and formulae

These are highlighted in the text and definitions are given in the margin to help you pick out and learn these important concepts.

[image: ]




[image: ]

Examples

Examples of questions or calculations are included to illustrate chapters and feature full workings and answers.
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Test yourself questions

These short questions, found throughout each chapter, are useful for checking your understanding as you progress.
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Activities

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

These highlight important facts, common misconceptions and signpost you towards other relevant chapters.
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Exam practice questions

You will find Exam practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination, including multiple-choice questions, and are colour coded to highlight the level of difficulty. Test your understanding even further, with Maths questions and Stretch and challenge questions.


•  Green – Basic questions that everyone should be able to answer without difficulty.

•  Orange – Questions that are a regular feature of exams and that all competent candidates should be able to handle.

•  Purple – More demanding questions which the best candidates should be able to answer.

•  Stretch and challenge – Questions for the most-able candidates to test their full understanding and sometimes their ability to use ideas in a novel situation.
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Dedicated chapters for developing your Maths and Practical skills and Preparing for your exam can be found at the back of this book.
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Chapter 1

Cell structure
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Prior knowledge

Before you start, make sure that you are confident in your knowledge and understanding of the following points.


•  All living things are made up of cells.

•  Animal and plant cells contain a nucleus, cytoplasm, a cell membrane, mitochondria and ribosomes.

•  Plant cells (but not animal cells) also have a cell wall and a large central vacuole, and may contain chloroplasts.

•  Cells (e.g. red blood cells) may develop a specialised structure that suits their function.

•  Bacterial cells lack a nucleus, mitochondria and chloroplasts.

•  The nucleus controls the cell’s activities, because it contains genes.

•  Mitochondria carry out aerobic respiration.

•  Chloroplasts absorb light and use the energy for photosynthesis.

•  Ribosomes make proteins.
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Test yourself on prior knowledge


1   Chloroplasts are not present in all plant cells. Why not?

2   A sperm cell has a nucleus, a ‘tail’ and very little cytoplasm. Explain the value of these features in relation to the cell’s function.

3   If a cell has many mitochondria, what does this suggest about the cell’s function?

4   Suggest a reason why ribosomes were discovered much later than mitochondria.

5   How can bacterial cells function without a nucleus?
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The cell is the basic unit of all living things. The features of cells found in single-celled organisms (the Protoctista), which live independently, and complex organisms like us are remarkably similar. All cells, for example, have mitochondria. An example of a single-celled organism is shown in Figure 1.1.


[image: ]


Cells are of two types: prokaryotic or eukaryotic. The only organisms with prokaryotic cells are bacteria and blue-green algae, but remember that bacteria outnumber all other forms of life – their numbers have been estimated as 5 × 1030 – so prokaryotic cells are the most common form of cell. Prokaryotic cells lack membrane-bound organelles (nucleus, mitochondria, etc.) and have features that are not seen in eukaryotic cells. Animals, plants and fungi are all eukaryotes, but each group has cells with distinctive features, even though they all have nuclei and have a number of common organelles.
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Key term

Organelle A specialised part of a cell that performs a particular function.
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Cells have within them a number of different organelles, each of which has a particular function related to the life of the cell. In multicellular organisms, cells may become specialised for particular functions, and their structure is modified as a result. Such cells are often grouped together in some way to form a tissue. This tissue may be part of an organ, which in animals may be a component of an organ system.

The study of cell structure has depended on the use of microscopes. Initially, microscopes used systems of lenses to magnify images formed by light, but in the twentieth century more powerful microscopes were developed that use electrons in place of light. Both light and electron microscopes continue to be used for slightly different purposes.

Studying cells by microscopy

Cells were first described and named by the Englishman Robert Hooke in the 1660s. The quality of lenses was improved over time, but the properties of light limit the magnifications possible. The invention of the electron microscope in 1931 allowed much more detailed study of the internal structure of cells, because of the increased magnifications that were then possible.

The two forms of microscope are shown in Figure 1.2.
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Light microscopes are the type of microscope routinely used to examine specimens in science laboratories. With a light microscope, it is easy to see larger cellular structures (for example, cell walls, nuclei, chloroplasts and vacuoles) and at higher magnifications it is possible to see mitochondria. The internal structure of organelles cannot be seen, though. For this, and to see smaller organelles such as endoplasmic reticulum and ribosomes, the higher magnification and resolution of a transmission electron microscope is required.

Electron microscopes are of two types: transmission electron microscopes, in which electrons pass through the material, and scanning electron microscopes, in which the electrons are bounced off the surface of the material, so giving a three-dimensional view of the surface (see Figure 1.3b).
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A relatively recent development in microscopy is the use of the laser scanning confocal microscope. In this technique, cells are stained with fluorescent dyes. A thick section of tissue (or even a small living organism) is scanned with a laser beam, which is reflected by the dyes. The laser beam is scanned across different depths of the section (see Figure 1.4). This has two advantages:


•  The laser beam can be focused at a very specific depth, and this eliminates the blur seen in optical microscopes that is caused by out-of-focus tissue above the focal point. As a result, images are much clearer.

•  Images can be taken at successive depths and fed into a computer, which can reconstruct a three-dimensional image of the tissue scanned.
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Magnification and resolution

When you use microscopes, two properties of the instrument are key to understanding its performance: magnification and resolution.

Magnification is a measure of the ability of a lens or other optical instrument to magnify (enlarge) the size of something in an optical image.

Resolution refers to the ability of a microscope to distinguish two adjacent points as separate from each other. Instruments with a high resolution can distinguish two points as separate even when they are very close, and this increases the clarity of the image. Resolution is important in microscopy: magnifying a specimen a great deal is no use if the image of that specimen is not clear.

The magnification and resolution of different types of microscope are shown in Table 1.1 below. All the figures are approximate.

Table 1.1 Magnification and resolution of different types of microscope.



	Instrument
	Maximum magnification
	Maximum resolution



	Light microscope
	    ×1 500
	200 nm



	Transmission electron microscope
	×500 000
	  0.2 nm



	Scanning electron microscope
	×100 000
	  10 nm
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Tip

Although they both include the term ‘scanning’, the scanning electron microscope and the laser scanning confocal microscope use completely different technology. As the names suggest, one scans with electrons and the other with a laser beam. The laser scanning confocal microscope is not an electron microscope.
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The resolution shows how close (in nanometres) two points can be and still be distinguishable. The light microscope can distinguish between two objects separated by a distance of less than approximately half the wavelength of visible light (400–700 nm) used to illuminate the specimen – that is, 200 nm. The wavelength of light limits the resolution of a light microscope; the maximum resolution of 200 nm is rarely achieved.

Electrons have a much shorter wavelength than light, so a much higher resolution is possible with an electron microscope than with a light microscope.

Although the magnification and resolution of a scanning electron microscope is much lower than that of a transmission electron microscope, this is unimportant because the two instruments have different uses. The scanning electron microscope is used to study external features, which are larger than the internal structure studied by transmission electron microscopy. In addition, transmission electron microscopes cannot study surface details, because they detect electrons that have passed through tissue.
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Tip

A nanometre (nm) is 1 × 10–9 m or 0.000 000 001 m. A micrometre (µm) is 1 × 10−6 m or 0.000 001 m. See Chapter 18 for more about expressing very small numbers.
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Calculating the magnification of an image

When using a light microscope, it is easy to calculate the magnification of what you see: you simply multiply the magnification of the eyepiece lens (the one you look through) by the magnification of the objective lens (the one just above the slide).

[image: ]

So, if the eyepiece is ×10 and the objective lens is ×20, then the overall magnification that you see is ×200.

What you have seen through the microscope, if it is significant, must be reported to others, either in a drawing or photo. It is important to indicate the magnification, not of what you were looking at, but of the image (the drawing or photo). Without this information, viewers have no idea of the size of the features in the image. The magnification of the image is usually either written down (e.g. ×400) or indicated by drawing a scale bar with a unit of measurement on it (see Figure 1.5).
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Either method of showing magnification requires you to know the actual measurement of the structures seen. In a light microscope, you take measurements using an eyepiece graticule, calibrated with a micrometer slide. The micrometer slide has a scale engraved into it, calibrated in known divisions (e.g. 0.1 mm). The eyepiece graticule is a circular disc fitted into the eyepiece, which has a scale marked on it with equal divisions. What these divisions represent in terms of length varies as the objective lens is changed. The microscope’s eyepiece graticule is calibrated for each objective lens, using the micrometer slide. The process is shown in Figure 1.6. You then know what each eyepiece division measures, in real terms, when using each objective lens, and so can use the graticule to measure any structure seen.
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Tip

Every individual microscope is slightly different, so make a note of which microscope you used.

You should also keep a note of the size of each eyepiece division for each objective lens, so you do not have to calibrate the lens each time.
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Example

Calculate the real length of the eyepiece graticule divisions using Figure 1.6.

Answer

[image: ]

The eyepiece graticule can now be used to measure anything seen under the microscope. If you use the same objective lens, you also know that each division is equal to 55 μm.
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Example


1   A photo of a tissue shows a structure that measures 20 mm (on the photo). The structure’s real measurement is 200 μm. What is the magnification of the photo?

2   A microscope drawing shows a structure as being 54 mm long. The magnification is given as ×200. What is the real length of the structure?



Answers


1    [image: ]

     Convert both measurements into a standard unit (mm in this case)

     [image: ]

     The magnification of the photo is ×100.

2   [image: ]
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Preparing sections for viewing under a microscope

A lot of living tissue is transparent (i.e. it lets light through) and does not block electrons. Such tissue does not show up well under light or electron microscopes, and so the tissue has to be stained so that you can see it.

To prepare biological material to view with the light microscope very thin sections of fresh specimens are cut with a sharp blade. Alternatively permanent sections can be made. The specimens are ‘fixed’ using a preservative such as formaldehyde, dehydrated using a series of ethanol solutions and then impregnated with paraffin wax or other resins to support the tissue. It is then sliced thinly with an instrument called a microtome. The paraffin is removed from the sections; they are stained and mounted using a resin and a cover slip. Specimens can also be frozen in liquid nitrogen or carbon dioxide and cut into very thin sections using an instrument called a cryostat.

Staining for light microscopy

Coloured dyes are used to stain tissues. These dyes absorb some colours of light and reflect others, making the structures that absorb the dye visible. Different tissues absorb different dyes, according to their chemical nature. Sections can therefore be stained with multiple dyes to show up different tissues within them (see Figure 1.7). This is called differential staining.
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When you see a coloured photo taken under a light microscope, it is important to realise than many, if not all, of the colours seen are not natural. Some colours may be natural; chloroplasts, for instance, are naturally green and so do not need to be stained.
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Staining for transmission electron microscopy

Transmission electron microscopes, which use electrons, need to use stains that absorb those particles. Electrons have no colour, and so the dyes make the parts look black or shades of grey. Heavy-metal compounds that absorb electrons are commonly used, for example phosphotungstic acid, osmium tetroxide and ruthenium tetroxide. If you see electron micrographs that are coloured (as are many of the electron micrographs in this book), this colouring is not part of the staining, but has been added afterwards using image-processing software.
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Test yourself


1   Define the term resolution, as applied to microscopy.

2   Why are electron microscopes capable of a higher resolution than light microscopes?

3   Transmission and scanning electron microscopes are used for different types of task. Describe their different uses.

4   When calibrating an eyepiece graticule, why does each objective lens have to be calibrated separately?

5   The length of a feature on an electron micrograph is 30 mm. The magnification is given as ×200 000. What is the true length of the feature in micrometres (μm)?
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Cellular organelles

All cells have within them specialised structures called organelles, which perform particular functions. The presence and numbers of these organelles can give a strong clue about the function of the cell that they are in.

In eukaryotic cells, many of the organelles are surrounded by one or more membranes. Prokaryotic cells have fewer organelles, and none of those are surrounded by a membrane.
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Tip

Do not confuse the cytosol with the cytoplasm. The cytoplasm is the space between the nucleus and the plasma membrane. The cytosol is the fluid which surrounds the organelles.
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This section deals with the structure and functions of organelles in eukaryotic cells, all of which are contained within a gel-like fluid known as the cytosol.

The nucleus

All eukaryotic cells contain a nucleus at some time in their lives, even though occasionally (e.g. in mammalian red blood cells) it is lost during the course of the cell’s development. The nucleus contains the cell’s DNA, which provides the template for making RNA. As a result, the nucleus indirectly controls all the activities of the cell. The nucleus is bound by a nuclear envelope (also known as the nuclear membrane), which consists of a double membrane; each membrane in the double membrane is similar in structure to the cell surface or plasma membrane (see Chapter 5). Nuclear pores are protein complexes with a channel through the centre.


[image: ]

Tip

Chapter 5 covers the topic of cell membranes.

[image: ]



The DNA in the nucleus exists in one of two forms: during cell division the threads of DNA coil up tightly and condense to form chromosomes; at all other times, the DNA is spread loosely through the nucleus, and it is then referred to as chromatin. Under the electron microscope, chromatin appears as a grainy material with no clearly defined structure (see Figure 1.9a).

A darkly staining region can often be seen within the nucleus in electron micrographs. This is the nucleolus, which is a special region of the nucleus responsible for the construction of ribosomes; ribosomes are discussed below. The ribosomes are small enough to leave through nuclear pores and reach the cytoplasm.

The appearance and structure of the nucleus is shown in Figure 1.9.
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The endoplasmic reticulum

The endoplasmic reticulum is the cell’s transport system. The distances within a cell are small, but cells often need to transport materials to the outside. Chemicals often need to be ‘processed’ in parts of the cell and then exported to the outside. The transport, processing and export is all done by a system of folded internal membranes called the endomembrane system, consisting of the endoplasmic reticulum and the Golgi apparatus. The endoplasmic reticulum comes in two types: rough endoplasmic reticulum and smooth endoplasmic reticulum. These membranes form channels through the cytoplasm. The membranes join with the outer nuclear membrane to form a continuous membrane.

Rough endoplasmic reticulum

Rough endoplasmic reticulum (RER) is so called because ribosomes are embedded in the membrane. The ribosomes in the RER make proteins that are destined for transport and secretion (ribosomes that are free in the cytoplasm make proteins for the cell’s own use). The new proteins enter the lumen of the RER and combine with carbohydrates. They are then transported to the Golgi apparatus (see below) for further processing.
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Key term

Lumen The inside space of a cell structure as well as the inside space of cylindrical structures such as the gut, arteries, veins, ureters, etc.

[image: ]



Cells that produce a lot of proteins (e.g. enzyme and hormone-producing cells) have extensive RER. The appearance of the RER is shown in Figure 1.10.
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Smooth endoplasmic reticulum

The smooth endoplasmic reticulum (SER) is continuous with the RER, but is distinguished from it by a lack of ribosomes. The SER makes lipids, including the phospholipids for cell membranes; SER is therefore seen particularly in cells that produce a lot of lipids (e.g. liver cells). The SER also contains enzymes that are known to detoxify lipid-soluble drugs and some harmful products of metabolism.

The appearance of the SER is shown in Figure 1.11.
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Golgi apparatus

The Golgi apparatus (also called the Golgi body or Golgi complex) is a series of membranous flattened sacs known as cisternae. The structure resembles smooth endoplasmic reticulum, but the cisternae are not interconnected. The Golgi apparatus is divided into two sections: the cis Golgi network and the trans Golgi network. The Golgi apparatus is shown in Figures 1.12 and 1.13.
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The function of the Golgi apparatus is to modify the proteins and lipids delivered to it from the RER and prepare them for secretion, then deliver them to the cell membrane, wrapped in a membrane (forming a vesicle). Vesicles pinched off the RER join the Golgi apparatus at the cis face, which is innermost. They are modified as necessary and passed to the trans network, where vesicles are formed. These vesicles move to the cell membrane and fuse with it, releasing the contents to the outside.
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Key term

Secretion The production and release of a substance from a gland or cell. The same word is also used for the substance secreted.
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The Golgi apparatus is also responsible for the manufacture of lysosomes (which are described below) and the synthesis of cell wall materials in plants.
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Ribosomes

We have already encountered ribosomes, which are made in the nucleolus and are found both free in the cytoplasm and attached to the membranes that form the RER. Ribosomes are usually present in large numbers. The function of the ribosomes is to manufacture proteins. Ribosomes consist of two types of molecule: ribosomal ribonucleic acid (rRNA) and protein. There are two components to a ribosome: a large subunit and a small subunit. These subunits are initially separate from each other but come together to form a complete ribosome by attaching to messenger RNA (mRNA) when protein synthesis is about to begin.
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Tip

You will learn more about RNA and protein synthesis in Chapter 3.
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The appearance and structure of ribosomes is shown in Figure 1.14.
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Ribosomes are found in the cytosol of eukaryotic and prokaryotic cells, but the ones in eukaryotes are larger, and are referred to as 80S ribosomes (as opposed to the 70S ribosomes in prokaryotes).
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Tip

The S refers to the sedimentation coefficient in Svedberg units. The higher the number of Svedberg units, the faster the sedimentation and the larger the organelle.
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Mitochondria

The mitochondria are membrane-bound organelles that carry out aerobic respiration. They are therefore most numerous in cells that are very active (e.g. muscle cells and nerve cells).
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Tip

When you answer questions about the function of mitochondria, it is important to specify aerobic respiration, not just respiration. If no oxygen is available, anaerobic respiration does not occur in the mitochondria; it occurs only in the cytosol.
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Mitochondria are organelles with a double membrane. The inner membrane is folded into a series of cristae (singular: crista). The appearance and structure of mitochondria is shown in Figure 1.15.
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Mitochondria contain their own DNA and also possess 70S ribosomes. Mitochondria therefore resemble bacteria, which provides evidence for the idea that mitochondria may have evolved from prokaryotic organisms.
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Test yourself


6   State two functions of smooth endoplasmic reticulum.

7   Which organelles would you expect to be prominent in the following cells?




     a) Muscle cells

     b) Salivary gland cells




8   Why does the presence of ribosomes in mitochondria suggest that they may once have been independent prokaryotic organisms?

9   What is the name given to the folds in the inner membrane of a mitochondrion?
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Chloroplasts

Chloroplasts are membrane-bound organelles found in some plant cells but never in animal cells. Their function is to absorb light energy for photosynthesis.

A chloroplast has a double outer membrane and a complex arrangement of internal membranes that form thylakoids, which are grouped into stacks called grana (singular: granum), joined by intergranal lamellae. Chlorophyll pigments, which absorb light, are found in the thylakoids. The space between the grana is filled with a thick fluid called the stroma. Some stages of photosynthesis take place in the grana, others in the stroma.

The internal structure of a chloroplast and its appearance under the electron microscope are shown in Figure 1.16. Like mitochondria, chloroplasts also contain their own DNA and 70S ribosomes.
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Lysosomes

Lysosomes are concerned with the digestion of cellular material. To that end, they contain a variety of enzymes (about 40–50 in total) capable of breaking down proteins, nucleic acids, carbohydrates and lipids. The material that lysosomes take in and digest may come from outside the cell (e.g. bacteria) or from inside (e.g. damaged or old organelles). A single membrane separates the enzymes in lysosomes from the rest of the cytoplasm; however, even if the enzymes escaped into the cytoplasm they would do relatively little damage, because they work best in the acidic environment inside the lysosome; the cytoplasm is more or less neutral, and free lysosomal enzymes would be relatively ineffective.

Under the electron microscope (see Figure 1.17), lysosomes are darkly stained with no clearly distinguishable internal features.
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Plasma membrane

The cell is bounded by a plasma membrane. The structure and functions of the plasma membrane are dealt with in detail in Chapter 5. The membrane acts like a barrier or gateway to the cell, controlling what goes in and out. This control results from the plasma membrane’s differential permeability to different biological molecules, and also from the ability of protein carriers to pump substances into or out of the cell according to need.

The various other membranes in eukaryotic cells (around organelles, making up the endoplasmic reticulum, and surrounding the plant cell’s central vacuole) are similar to the plasma membrane in that they are made of phospholipids and protein, although the specific proteins vary in the different membranes.

Centrioles and microtubules

The assembly of the spindle, a system of microtubules that separates the chromosomes during cell division, was thought to have been organised by the centrioles, but it is now known that the centrosomes do this. Only found in animal cells, centrioles are themselves constructed of microtubules arranged in nine triplets forming a cylinder. Centrioles occur in pairs near the nucleus (see Figure 1.18).
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Key term

Microtubule Small tubular structure in the cytoplasm composed of tubulin, a globular protein that is arranged into spirals.
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Flagella and cilia

Flagella (singular: flagellum) and cilia (singular: cilium) are structures composed of microtubules, found on the surface of cells, which move to create currents. The flagella and cilia may propel the cell along or (in the case of cilia only) move liquids across the surface of the cell.

Flagella are found in some single-celled organisms, where they move the cell around. A flagellum also forms the ‘tail’ of sperm cells. Flagella are usually found singly but sometimes occur in pairs.

Cilia are always present in large numbers, in both single-celled organisms and multicellular animals.

The structure of cilia and flagella is the same, consisting of a ring of nine pairs of microtubules surrounding two central microtubules. Both cilia and flagella are extensions of the cell membrane that surrounds them. The only difference between cilia and flagella is the length (flagella are longer) and the fact that cilia occur in large numbers.

Note that although prokaryotic cells may have flagella, they are smaller and have a simpler structure than flagella in eukaryotic cells.

The structure of cilia and flagella is shown in Figure 1.19.
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Cell wall

The cell wall is an extracellular layer that supports the cell and prevents it from bursting if water flows in.

In eukaryotes, cell walls are found around the cells of plants, many members of the Protoctista, and fungi. The cell walls of plants and algae are made of cellulose, but fungal cell walls consist of chitin. The appearance of a plant cell wall under the electron microscope is shown in Figure 1.20. In prokaryotes, the cell wall is made of murein, a polymer made of sugars and amino acids.
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Tip

Cellulose is made of chains of glucose molecules (see Chapter 2). Chitin is similar to cellulose but contains nitrogen too.
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Activity

Isolating cell components

So far we have described how microscopes are used to study cell structure. Another technique is cell fractionation. Cellular organelles can be isolated by breaking up the cells (homogenisation), which is done in an ice-cold solution that has the same solute concentration as the inside of the cells. The homogenate is spun at increasingly high speeds in a centrifuge; this process is called cell fractionation. Cell fragments, including organelles, move down the centrifuge tube depending on both their mass and the speed of the centrifuge: the heavier the organelle, the lower the centrifugal speed needed to compact the organelles into a pellet. The process is shown in Figure 1.21 below.
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The approximate sizes of different organelles are given in Table 1.2.

Table 1.2 Sizes of some organelles.



	Organelle
	Approximate size/μm



	Nucleus (diameter)
	7     



	Ribosome (diameter)
	0.03



	Mitochondrion (length × diameter)
	3 × 1



	Chloroplast (length × width)
	5 × 3





1   Suggest why the homogenising is done in an ice-cold solution.

2   Suggest why it is important that the homogenising solution has the same solute concentration as the cells.

3   Suggest why the homogenate is filtered before use.

4   Stage 4 produces a pellet containing membrane fragments. If animal cells were used, suggest what would be found in the pellets at stages 2, 3 and 5.

5   Suggest why it may be difficult to isolate chloroplasts from plant cells using the method described above.
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Organelles working together

Organelles allow division of labour in cells, with different organelles performing specialised functions. Many processes in the cell require the coordination of several different organelles, as, for example, in the production and secretion of proteins (Figure 1.22).
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The cytoskeleton

Throughout the cytoplasm, a series of protein threads form the cytoskeleton. The threads are of two types: microtubules and microfilaments. The cytoskeleton has a number of different functions:


•  Cellular movement: you have already seen that cilia and flagella contain microtubules that are responsible for moving them, so moving the cell (or moving liquids across the surface of the cell).

•  Intracellular movement: the threads form a ‘track’ along which organelles can move from one part of the cell to another. Examples include the movement of vesicles, and the movement of chromosomes to either end of a cell during cell division.

•  Strengthening and support: the cytoskeleton supports the organelles and also forms a sort of ‘scaffolding’ that strengthens the cell and helps to keep it in shape.
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Key term

Intracellular Within a cell.
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Microfilaments are solid strands, but the microtubules, as the name suggests, are tubular. The protein that makes up the two threads also differs: it is mostly actin in microfilaments, and mostly tubulin in microtubules.
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Example

Figure 1.23 shows drawings of electron microscope sections of (a) a white blood cell and (b) a pancreatic cell. White blood cells form part of the immune system and ingest and destroy microorganisms. The pancreatic cell shown produces digestive enzymes.


1   Identify one organelle shown in the white blood cell but not in the pancreatic cell. Suggest a reason for its presence in the white blood cell.

2   Identify one organelle shown in the pancreatic cell but not in the white blood cell. Suggest a reason for its presence in the pancreatic cell.

3   The pancreatic cell has more rough endoplasmic reticulum (RER) than the white blood cell. Suggest a reason for this.

4   The drawings suggest that the pancreatic cell may contain more mitochondria than the white blood cell. Why might this information be inaccurate?
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Answers


1   The organelle is the lysosome. Because lysosomes are involved in the destruction of cells, they would need to be present in white blood cells to destroy ingested microorganisms. Ingested microorganisms are destroyed by the proteolytic (protein digesting) enzymes that lysosomes contain.

2   The organelle is the Golgi apparatus. Its function is to package cell products ready for secretion. The pancreatic cells produce digestive enzymes. These enzymes would clearly need to be secreted from the cell, so the Golgi apparatus would be necessary.

3   The ribosomes attached to the RER produce proteins, which the RER then transports. The proteins for the cell’s own needs are largely made in the ribosomes in the cytoplasm. Because the function of the pancreatic cell is to produce enzymes for secretion, the pancreatic cell would need a lot of RER to manufacture the enzymes.

4   You would see more mitochondria if you were looking at a larger area of the cell, but the scale bars on Figures 1.23(a) and (b) show that this is not the case – the magnification of both drawings is the same. The answer relates to an important biological principle of sampling. You are only looking at a small part of each cell. The parts seen may not be representative of the cell as a whole (i.e. the white blood cell may have dense concentrations of mitochondria in another part, or the area of the pancreatic cell seen may, by chance, have a cluster of mitochondria). The difference in the number of mitochondria is not huge.
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Tip

The word ‘suggest’ in a question always means that you are expected to come up with a reasonable answer, even if that answer may not be correct in all respects.
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Prokaryotic and eukaryotic cells

Cells are of one of two types: prokaryotic or eukaryotic. Prokaryotic cells are those of bacteria and blue-green bacteria. All other cells are eukaryotic. There are distinct differences in structure between prokaryotic and eukaryotic cells, as shown in Table 1.3.

Table 1.3 Features of eukaryotic and prokaryotic cells.



	Feature
	Eukaryotic cell
	Prokaryotic cell



	Nucleus
	present
	absent



	DNA
	linear and in the nucleus
	circular and free in the cytoplasm



	Cell wall
	when present, made of cellulose (in plant cells) or chitin (fungal cells)
	made of murein



	Membrane-bound organelles
	present
	absent



	Ribosomes
	large (80S)
	small (70S)



	Capsule
	absent
	present



	Pili
	absent
	sometimes present



	Size
	larger (2–200 μm)
	smaller (less than 2 μm)
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Test yourself


10 Explain the relationship of the thylakoids and the grana in a chloroplast.

11 Suggest why lysosomes are very numerous in white blood cells.

12 Explain how the cell is protected from the protein-digesting enzymes that lysosomes contain.

13 What are the differences between cilia and flagella?

14 What are the differences between microfilaments and microtubules?

15 Give three features that can be found in prokaryotic cells but are never found in eukaryotic cells.

16 Name a feature found in all plant cells but never in animal cells.
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A prokaryotic cell is shown in Figure 1.24 but some features are not present in all prokaryotes.
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Tip

If a question asks for structural differences between eukaryotic and prokaryotic cells, do not include size, because size is not classed as a structural feature.
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Plant and animal cells

Within the eukaryotes, there are clear differences between plant and animal cells. Most of these differences involve the presence in plant cells of structures that are not found in animal cells – a cellulose cell wall (with plasmodesmata), chloroplasts and a large central vacuole containing cell sap. Plasmodesmata (singular: plasmodesma) are gaps in the cell wall through which cytoplasm connects the protoplast of one cell with an adjacent cell (see Figure 1.25). Of course, not all plant cells contain chloroplasts, only those that take part in photosynthesis.
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Key term

Protoplast The part of a cell (in bacteria or plants) that is inside the cell wall.
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The only organelles found in animal cells but not in plant cells are centrioles and flagella. Cilia are very rare in plant cells, occurring only in one primitive group called the cycads.
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Exam practice questions


•

1 Which two organelles are both surrounded by two membranes?




    A centriole and smooth endoplasmic reticulum

    B chloroplast and mitochondrion

    C Golgi apparatus and lysosome

    D nucleus and rough endoplasmic reticulum

(1)




•

2 The table below shows different combinations of cellular features.
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    Liver cells (hepatocytes) are metabolically active cells. They carry out many enzyme-controlled reactions to produce proteins and lipids that are exported into the blood. Which combination of cellular features is shown in the cytoplasm of hepatocytes?

(1)




•

3 HeLa cells are cancer cells that are grown in cell culture and move readily over the surfaces of laboratory dishes. The photo of HeLa cells below was taken with a laser scanning confocal microscope. Microtubules are stained green and mitochondria red.
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    a) i) State the cell structure that is stained yellow in these cells.

(1)

        ii) Describe the roles of microtubules in cells.

(4)




    b) Explain why further magnification of the photo above will not give more detail of the structure of mitochondria and microtubules.

(3)

    c) Use the photo above to explain the advantages of using a laser scanning confocal microscope to study cells.

(3)




•

4 Stage micrometers are used to calibrate eyepiece graticules.

    The diagram below shows a stage micrometer with divisions 0.1 mm apart, viewed through an eyepiece with a graticule.
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    Using the eyepiece graticule at the same magnification, a student measured the length of a cell as 12 eyepiece units. What is the actual length of the cell?




    A 10 µm

    B 20 µm

    C 100 µm

    D 120 µm

(1)




•

5 Some students investigated the storage of starch in the cells of banana fruits. They made a smear preparation of the banana flesh, irrigated it with iodine solution and looked at it with the high power of the microscope. One of the students made an annotated drawing of the cells.
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    a) Explain why the students used iodine solution in their investigation.

(2)

    b) With reference to the student’s drawing




        i) Describe and explain the distribution of starch.

(2)

        ii) Explain the meaning of the term ‘differential staining’.

(2)




    c) Explain in detail how the student could determine the actual width of the cell shown in the drawing.

(4)

    d) Explain what additional information about the cells could be obtained by using a scanning electron microscope.

(3)




•

6 The photo below shows a single cell.
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    a) State the type of image shown in the photo above. Give reasons for your answer.

    b) Identify the cell as far as you can. Give reasons for your identification.

    c) Make a large labelled drawing of the cell. Annotate the drawing to show the functions of the structures you have labelled.
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Chapter 2

Water, carbohydrates and lipids
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Prior knowledge

Before you start, make sure that you are confident in your knowledge and understanding of the following points.


•  Water is a small but important molecule in biological systems.

•  Water is made up of the elements hydrogen and oxygen.

•  Water has many important properties; it can move freely, its thermal properties allow life to be sustained, and it has the ability to act as a solvent for many substances.

•  Carbon-containing compounds are called organic compounds or organic molecules. They are the essential building blocks of all living things.

•  There are four major groups of biological molecules: carbohydrates, proteins, lipids and nucleic acids.
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Test yourself on prior knowledge


1   What elements are contained in water and how are they bonded together?

2   Describe how the chemical bonding in water gives it two of its important properties. Name the properties.

3   Explain the feature of carbon that allows it to be used as an important building block in organic compounds.

4   Why are biological molecules called organic molecules?

5   Name the four groups of biological molecules and give an example of each.
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Constituents of cells

About 99% of living things are made up of only four elements: carbon, hydrogen, oxygen and nitrogen. These four elements are used, with a few other elements, to build all the molecules found in living cells.

The molecules formed are called biological molecules and consist of: water, which makes up a large proportion of living cells; carbon-based molecules that are combined with hydrogen and oxygen, such as carbohydrates and triglycerides; and carbon-based molecules that contain nitrogen in addition to the carbon, hydrogen and oxygen, such as proteins and nucleic acids.
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Water and hydrogen bonding

Water is essential to life and so it is often the starting point when looking at biological molecules. The human body is approximately 80% water, and some plants and animals may be as much as 95% water.

Water consists of atoms of the elements hydrogen and oxygen, bonded together by covalent bonds. There are two hydrogen atoms and one oxygen atom.
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Key term

Covalent bond A strong chemical bond formed by sharing one or more electrons between two atoms and so creating a molecule.
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Because the oxygen draws electrons from the hydrogen atoms, the water molecule forms a triangular shape with an unusual distribution of charges within it; this is known as a polar molecule. The oxygen has a slight negative charge (δ-) and hydrogen a slight positive charge (δ+), which results in an overall neutral electrical charge on the molecule. Water molecules are attracted to each other by weak bonds called hydrogen bonds, which form between the oxygen and the hydrogen atoms of adjacent water molecules (see Figure 2.2).
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Key term

Polar molecule A molecule with regions of negative charge and positive charge.
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Because the water molecules are attracted to each other they will flow together as a liquid and are attracted to charged particles and any charged surfaces. Other similar molecules do not behave in this way, because they have different properties. Hydrogen sulfide (H2S), for example, is a gas at 0 °C, because it has a very low boiling point, whereas water is a liquid at 0 °C, which accounts for many of its unique properties.

Unique properties of water

Thermal properties

Hydrogen bonds between the water molecules constantly form and break, allowing the water molecules to flow.

Water is a liquid between 0 °C and 100 °C, which provides the perfect habitat for living things to survive. Water also acts as an efficient coolant, because it has a high specific heat capacity – it absorbs a great amount of heat relative to its mass.

Water molecules cannot easily escape unless heat is applied to weaken the bonds; at 100 °C water becomes a gas – called water vapour.

Individual water molecules lose kinetic energy as they cool and the hydrogen bonds do not break easily; the molecules form a more rigid structure – a solid (ice). At 0 °C, the solid water or ice is less dense than liquid water and so floats on its surface. The result is an insulating layer, which keeps the temperature of any water below it more constant. Living things can therefore survive in the water below the ice.

Water as a solvent

The water molecules, known as the solvent, surround the solute molecules and keep them in solution, for example salt or sugar solutions as indicated in Figure 2.4. The dissolved solute reacts more easily than when the solute molecules are not dissolved, and takes part in metabolic processes. Because water is a polar molecule, any other polar molecules dissolve in water. Carbon-containing molecules with charged ionised groups such as carboxyl groups (–COO–) or amino groups (–NH3+) easily dissolve by forming hydrogen bonds with the water hydroxyl groups (–OH).
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Key term

Solution A liquid (the solvent) with dissolved solids, liquids or gases (solutes).
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Ionic substances such as sodium chloride (NaCl) release positively charged ions (cations) or negatively charged ions (anions), such as Na+ and Cl–, by forming clusters of water around the ions.

The role of water in living things

The thermostable properties of water and water’s ability to act as a solvent perform a vital role in living bodies, because they allow chemical reactions to take place within the cell and allow molecules to be dissolved in the cytosol. Water also makes an ideal transport medium because it dissolves polar molecules and ions, which can then be transported easily around living organisms, for example in the blood transport system of many animals.
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Tip

The properties of cohesion and adhesion of water are important in the transport of water in plants; see Chapter 9 to find out more about this.
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The hydrogen bonds tend to pull water molecules towards each other, so they stick together. This is called cohesion. The hydrogen bonds also pull the molecules inwards at the surface, creating surface tension. You can easily see the effect of surface tension in a spherical water drop on a glass or on a waxy leaf. Some insects use this surface tension to ‘skate’ across the water surface. Cohesion allows water molecules to flow together in a column. Water also adheres to a surface and, as a result of both cohesion and adhesion, water can move up narrow tubes, for example a straw or a xylem vessel in the vascular tissue of a plant. Water also acts as a coolant for plants, as the water moves through the plant in the transpiration stream, and it provides a good habitat for many organisms in both fresh-water and salt-water habitats.
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Key terms

Cohesion A property of water in which water molecules are attracted to each other by hydrogen bonding, allowing the molecules to move together.

Tension A force that tends to stretch something.

Adhesion A property of water in which water molecules are attracted to surfaces such as the walls of the cells, vessels or tubes.
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Non-polar substances cannot dissolve and are repelled by water – they are hydrophobic or water repelling, for example oils. This is an important property of the phospholipid bilayer of the cell membrane.
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Tip

Hydrophobic molecules are important in membranes; see Chapter 5 to find out more.
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An abundance of carbon

In living things the most common element by mass is oxygen, followed by carbon.

Atoms share electrons with one another in order to achieve a full outer shell, which makes them stable. Carbon is a small atom but it makes an excellent building block, because the four pairs of electrons in the outer shell of the atom repel each other and so push away to shape the atom into a tetrahedron. These pairs of electrons can be shared by other atoms to form covalent bonds; this allows atoms to join together and form organic molecules. Carbon’s four such bond sites (see Figure 2.5a) form covalent bonds that are stable and strong enough to make larger molecules.
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In the same way, carbon atoms may bond together and form chains, branched chains or ring shapes (see Figure 2.5b). Carbon elements also bond covalently with oxygen and hydrogen, and other atoms such as nitrogen and sulfur, and create many different large molecules. Sometimes carbon forms two bonds with another atom, called a double bond, for example in hydrocarbon chains where two carbons share two bonds. This is drawn as: C=C. In glucose, one of the oxygen atoms forms a double bond with an adjacent carbon, drawn as: C=O.
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Tip

You need to understand the different forms that carbon-based molecules take but you do not need to learn them in detail.
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Building large molecules from small – monomers and polymers

A monomer is a single smaller molecule that may form covalent bonds with other similar smaller molecules to build a larger molecule. The bonds form as a result of a condensation reaction. A dimer is a molecule formed of two monomers joined together by a condensation reaction.

A polymer is a large molecule built up from many similar monomers joined together by covalent bonds to form a chain or a branched chain. Each bond forms as a result of a condensation reaction.
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Key terms

Monomer A single small molecule that may combine with other monomers to build up larger molecules called polymers.

Polymer A large molecule built up from many similar monomers joined together by covalent bonds to form a chain or a branched chain.
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Table 2.1 lists the main polymers in carbohydrates, proteins and nucleic acids.

Table 2.1 The main polymers in biological molecules.



	Biological molecules
	Monomers
	Polymers



	Carbohydrates
	monosaccharides, e.g. glucose, fructose, ribose and triose
	polysaccharides, e.g. starch (amylose), glycogen and cellulose



	Proteins
	amino acids, e.g. glycine, valine and alanine
	Polypeptides, e.g. amylase and lysozyme



	Nucleic acids
	nucleotides
	Polynucleotides, e.g. DNA and RNA




Each monomer joins to another by forming a specific covalent bond by a chemical reaction called a condensation reaction, in which a molecule of water (two hydrogen atoms and one oxygen atom) is released (see Figure 2.6). The same reaction is repeated each time another monomer is added to form the polymer. Condensation reactions are also known as dehydration reactions and are involved in the formation of many other macromolecules such as triglycerides.
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Tip

To find out how condensation reactions are used in the formation of triglycerides see pages 33–4.
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A hydrolysis reaction is the chemical reaction involved in splitting molecules joined by covalent bonds. In a hydrolysis reaction, a water molecule must be added to break the covalent bond, and the smaller molecules are then released (see Figure 2.7).
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Key terms

Condensation A chemical reaction where two molecules are joined together with a covalent bond, forming a larger molecule and releasing one molecule of water.

Hydrolysis A chemical reaction where the covalent bond between two molecules is broken with the addition of a water molecule, separating the two molecules.
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Figure 2.7 shows the hydrolysis of maltose releasing two glucose molecules. Hydrolysis also occurs in both sucrose and lactose, although in sucrose one glucose and one fructose molecule are released, and in lactose one glucose and one galactose molecule are released.

Polymers are often very large molecules, and they tend to be stabilised by many hydrogen bonds. These hydrogen bonds help the molecules to retain their final shape. The shape is crucial to the function of the molecules, and so these hydrogen bonds (and some other bonds) are important in maintaining the functioning of the polymers.
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Test yourself


1   Describe a covalent bond and explain its importance in biological molecules.

2   Explain why the polar properties of water are important to living things.

3   Explain why properties of cohesion and adhesion are important to plants that live on land.

4   What are the main differences between hydrogen bonds and covalent bonds?
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Carbohydrates

Carbohydrates are molecules forming a large proportion of the organic compounds in living cells. They act as an energy source; for example, glucose is used for energy release during cell respiration. Carbohydrates are also important as energy stores; for example, glycogen is stored in animal muscle and liver. Some carbohydrates are important structurally, for example cellulose in plant cell walls.


•  All carbohydrates contain the elements carbon, hydrogen and oxygen in the specific ratio of two hydrogen atoms to each oxygen atom.

•  Almost all carbohydrates have the general formula (Cx(H2O)y).

•  Carbohydrates include single simple sugars, for example glucose (see Figure 2.8), complex sugars such as sucrose and lactose, and polysaccharides such as starch, glycogen and cellulose.

•  Some carbohydrates act as direct energy sources, e.g. glucose, and others as indirect energy sources, because they can be stored efficiently, e.g. glycogen.

•  Other carbohydrates are structural molecules.
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Key term

Cell respiration A process involving many enzyme-catalysed reactions that occur within cells and result in the release of energy, which is used to make adenosine triphosphate (ATP).
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Three main groups of carbohydrates, each with their particular features and functions, are given in Table 2.2, although all share all the general properties and features of carbohydrates.
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Monosaccharides

Monosaccharides are the simplest carbohydrates, often called simple sugars because they are small molecules. Glucose is particularly important because it is easily broken down in cell respiration to release energy, it is one of the molecules synthesised by green plants during photosynthesis, and is transported in the blood of many animals. All monosaccharides are used as monomers for other carbohydrates.

Glucose

Glucose exists in two forms: α-glucose and β-glucose. These forms of glucose are similar, but the –H and –OH groups on carbon number 1 (C1) are arranged differently. In α-glucose the –OH is below the carbon at position 1, and in β-glucose the –OH is above the C1. This structural difference leads to important differences in the way that α-glucose and β-glucose behave and how they affect the polymers formed from them. These two molecules, α-glucose and β-glucose, are called isomers.
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Key term

Isomer Molecule containing the same number and types of atoms, but the atoms are arranged differently. Examples are α-glucose and β-glucose.
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Tip

Cellulose is a polymer of β-glucose (see pages 30–1). Animals do not have the cellulase enzymes needed to hydrolyse polymers of β-glucose.
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Glucose can be broken into smaller and simpler molecules by breaking the bonds between the atoms in a series of small steps to form carbon dioxide and water. Glucose is a relatively small molecule so diffuses easily, is water soluble (so is easily transported) and is the main respiratory substrate, resulting in energy being released. The main function of monosaccharides is therefore as an energy source.

Most organisms can only break down polymers of α-glucose, because they do not have the necessary enzymes to break down polymers of β-glucose.

Other monosaccharides

Pentose sugars with five carbon molecules, such as ribose and deoxyribose (see Figure 2.10), are important in forming nucleic acids. Triose sugars are three-carbon molecules, important intermediate molecules in both respiration and photosynthesis.
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Disaccharides

Disaccharides are carbohydrates formed by two monosaccharides that join together using a covalent bond called a glycosidic bond. Each glycosidic bond is formed by the loss of two hydrogen atoms and one oxygen atom.
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Key term

Glycosidic bond A covalent bond formed when two carbohydrate molecules are joined together by a condensation reaction.
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When two α-glucose monomers are joined together, the bond formed is called a 1,4-glycosidic bond because the bond forms between C1 of one glucose and C4 on the other molecule. Maltose is the disaccharide formed when amylase breaks down starch by a hydrolysis reaction. When a glucose molecule and a fructose molecule combine, a molecule of sucrose is formed. The sugar found in our food is mainly sucrose. Digestive enzymes catalyse the hydrolysis of these sucrose molecules into glucose and fructose. Fructose is known as fruit sugar because it is a common sugar in fruits, although it is combined with a glucose molecule to form sucrose. An enzyme, called an isomerase, changes fructose into glucose. Lactose is milk sugar and is formed by a condensation reaction between glucose and galactose. All disaccharides can be easily hydrolysed into their monomers, and so provide another energy source.
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Tip

Look at Figure 2.6, which shows the formation of a glycosidic bond between glucose and fructose. You need to understand the different forms that carbon-based molecules take but you do not need to learn them in detail.
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Test yourself


5   Use the diagram of glucose ring formation (Figure 2.8) to explain how the carbon molecules are numbered in the molecule.

6   What is an isomer? Give an example that illustrates your description.

7   Use Figure 2.9 to describe the differences between a molecule of α-glucose and a molecule of β-glucose.

8   Describe the role of an isomerase enzyme.

9   Use labelled diagrams to describe how a disaccharide molecule is formed.

10 Give three different examples of disaccharides and state the constituent monomers in each.
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Activity

Investigating the Benedict’s test for reducing sugars

A student carried out a Benedict’s test by placing equal volumes of glucose solution and Benedict’s solution in a boiling tube. The student heated the mixture for five minutes until the colour changed and then recorded the colour observed.

The student set up a control using distilled water instead of glucose, and again heated the mixture in the hot water bath for five minutes before recording the colour observed (see Table 2.3).

Table 2.3 Results of Benedict’s test for reducing sugars.



	Solution
	Observations of the solution at the start
	Observations of the solution after mixing and heating with Benedict’s solution



	Benedict’s
	bright blue
	  



	Glucose
	colourless and clear
	orange



	Distilled water
	colourless and clear
	pale bright blue




Refer to the outline method given above and the results in Figure 2.12 to answer the questions below.


1   Describe the different colours you would expect to see appearing in the tube as the temperature in the tube increased. What was the final colour of the glucose test?

2   What was the purpose of heating the distilled water with Benedict’s solution?

3   Explain why it would not be possible to determine the exact volume or concentration of glucose using this particular test.
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Activity

Investigating the Benedict’s test for non-reducing sugars

Another student tested a solution for non-reducing sugars using the Benedict’s test. The student added 1 molar (1M) hydrochloric acid to the tube of solution and mixed the two by swirling the tube and heating the tube for five minutes in a water bath.

The student then added sodium hydrogen carbonate and left the tube until the fizzing stopped.

Then the student added Benedict’s solution and heated the mixture in a hot water bath for five minutes. The student recorded any colour observations in a table (see Table 2.4).

Table 2.4 Results of Benedict’s test for non-reducing sugars.



	Solution
	sucrose
	sucrose pre-treated and pre-heated with HCl and sodium hydrogen carbonate



	Observations at start
	colourless and clear
	colourless and clear



	Observations immediately after adding Benedict’s and mixing
	bright blue and clear
	bright blue and clear



	Observations after heating
	bright blue and clear
	brick red cloudy precipitate




Make careful observations of the procedure and decide how it is different from the Benedict’s test for reducing sugar. Compare the two sets of results given and use all these observations to answer the questions.


1   Describe and explain the colour changes observed in both tubes.

2   The student did not have a control tube. Suggest a suitable control that they could use.

3   What is the reason for using a control tube?

4   What would the results of a control test show you?

5   Why was the sucrose heated with hydrochloric acid at the start of the test? Describe the chemical reaction that takes place during this step.

6   Explain why sodium hydrogen carbonate is added to the tube before testing with Benedict’s solution.
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Tip

The Benedict’s test is a qualitative test but it may be modified to form a semi-quantitative test by:


a)  filtering and weighing the precipitate or

b)  by diluting the reagents and using a colorimeter to determine quantitative differences.



[image: ]



[image: ]




[image: ]

Activity

Biological tests and interpreting them using colorimetry

When completing a biochemical test using colorimetry, a student first prepared colour standards in order to interpret the results. This involved using a range of different glucose concentrations, for example 0.1%, 0.5% and 2.0% glucose. To each tube of glucose concentration the student added an equal volume of dilute Benedict’s solution and heated the tube in a water bath to at least 80 °C for nine minutes. Once cooled, the contents of each tube were filtered into separate colorimeter tubes and then placed in turn in the colorimeter.

A single colorimeter reading for each tube was recorded. The colorimeter was calibrated by using the maximum concentration of glucose to define absorbance of 0.00 arbitrary units.

The student muddled the tubes on the first trial, and so the teacher gave the following tip:

Place the tubes on a sheet of paper correctly numbered across the page, and set each tube on to its correct position on the page when not in the colorimeter, but do not write on the tubes or add any labels.

Once a reading for each glucose concentration was recorded, the student plotted a graph of absorbance against glucose concentration.

Now the student repeated the test using an unknown concentration of glucose mixed with the same volume of dilute Benedict’s solution. The tube was heated in exactly the same way as before to the same temperature and for the same time.

The student again filtered the contents into a colorimeter tube and placed it in the colorimeter to record the absorbance, before using the colour standards graph to identify the value of the glucose concentration in the unknown solution.

Table 2.5 Results from the colorimeter



	Glucose concentration/%
	Absorbance/arbitrary units



	0.0
	0.92



	0.1
	0.90



	0.5
	0.72



	1.0
	0.38



	1.5
	0.17



	2.0
	0.00





1   Draw a graph of absorbance against glucose concentration.

2   What is the concentration of the unknown glucose solution?

3   Suggest why a more dilute Benedict’s solution is used than is usual in the Benedict’s test?

4   Explain the importance of filtering the glucose and Benedict’s mixture once it has been heated and before it is placed in the colorimeter.

5   Why did the student muddle the tubes in the trial? (You need to read the teacher’s tip above to understand the problem the student had with these tubes.)
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Tip

Refer to Chapter 17 to learn how to use a colorimeter.
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Polysaccharides

Polysaccharides are large polymers formed of many monosaccharides that combine by condensation reactions to create long chains. Each monomer added is attached to the chain by a glycosidic bond.

Starch

Starch is a polymer of α-glucose molecules; glycosidic bonds link each pair of α-glucose molecules. The chains coil up into a spring shape because of the shape of the monomer and the angle of the glycosidic bonds that join the C1 of one glucose to the C4 of the next, forming a 1,4-glycosidic bond.

Starch is actually two molecules: amylose, the long chain coiled into a spring, and amylopectin, which is a long branched chain with short side arms of glucose units attached to the main chain by 1,6-glycosidic bonds (see Figure 2.13). Although starch is insoluble, there are some differences in starch solubility which can be attributed to the different proportions of amylose and amylopectin in the starch.

The importance of starch is its function as a major carbohydrate-storage molecule in plants. In plant organs, such as potato tubers, starch is stored in amyloplasts (an amyloplast is a type of plastid) within the cells, and it is also stored in chloroplasts in the leaves.
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Key term

Plastids Specialised membrane-bound organelles found in plant cells, for example chloroplasts and amyloplasts. Amyloplasts store starch grains.
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The structure of starch makes it ideal as a storage molecule: it is compact and stable because of the coiling and folding. Individually, these bonds are weak, but when there are many of them the resulting molecule becomes much more stable. Starch is also insoluble, which means that it does not affect the water potential and osmotic properties of the cell. It can be easily broken down by enzymes into glucose when needed.
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Tip

For more detail on water potential see Chapter 5.
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Iodine solution is the test for starch, giving a blue-black colour when starch is present. The iodine ion fits into the helix of the amylose molecule and produces the typical blue-black colour of the positive starch test.
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Activity

Investigating the iodine test for starch

During a practical session, a student tested for starch by mixing two drops of starch solution and two drops of iodine solution.

The student observed the colour of each solution before and after mixing the two types of solutions, and recorded the colours in a table (see Table 2.6).

Table 2.6 Results of iodine test for starch.



	Solution
	Observations of the solution at the start
	Observations of the solution after mixing with iodine



	Iodine
	straw yellow
	  



	Starch
	colourless and almost clear
	blue-black



	Distilled water
	colourless and clear
	pale straw yellow




The student also added two drops of distilled water to two drops of iodine.

The student then heated a mixture of starch and iodine, once the blue-black colour had appeared, in a test tube placed in a water bath. The colour returned to a straw yellow again. After the student cooled the mixture rapidly by holding the test tube under cold water, the blue-black colour reappeared.

Look at the procedures outlined here and at the results table then answer the questions below.


1   Explain why distilled water is described as being colourless and clear at the start.

2   Starch is described as ‘almost clear’. From your understanding of the structure of starch, explain why a solution of starch would be almost clear.

3   Suggest the most suitable apparatus to use to add the drops of the two solutions. What precaution should be taken to ensure that the results are not contaminated in any way?

4   The result for starch and iodine solution shows a blue-black colour. Describe what has happened to form this colour.

5   Using the results of this investigation, and any further research, suggest why the blue-black colour first appeared, why it disappears when the mixture is heated, and why it reappears when the mixture is cooled. You need to look at the structure of the amylose molecule to help you answer this question.
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Glycogen

Glycogen is another polymer made of α-glucose molecules. Glycogen is similar to amylopectin, because it forms long chains, but there are more branches and the chains tend to be shorter and so the molecules are very compact (Figure 2.15). Glycogen is stored as granules in animal cells such as liver and muscle cells. Like starch, glycogen is easily broken down into individual glucose molecules when the body needs energy.
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Cellulose

Cellulose (Figures 2.16 and 2.17) is made of β-glucose molecules that are joined by glycosidic bonds, but the arrangement of –OH and –H groups on the C1 of the β-glucose means that adjacent glucose molecules only join if alternate molecules are inverted. The result is a straight glucose chain with many –OH groups on the outside. This allows hydrogen bonds to form between the adjacent cellulose chains, creating many cross links. The cellulose chain is held together by the cross links to form microfibrils. Bundles of these microfibrils are also cross linked by hydrogen bonds to form fibres. The cellulose fibre is a very stable and strong structure forming part of the cell wall of plants. This differs from the structure of amylose, which is made of α-glucose units, discussed earlier in this chapter.
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Other carbohydrate polymers exist in other organisms, for example chitin in insect exoskeletons, and peptidoglycans in the cell walls of bacteria.

Relating structure to function

The structure of each carbohydrate molecule is related to its function. Simple sugars release energy easily, because they are small, simple molecules. Complex carbohydrates are more stable, compact and are mostly insoluble. These complex carbohydrates (starch and glycogen) can be broken down into individual glucose molecules when needed, but are less-ready supplies of energy.
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Tip

You will learn about protein synthesis in Chapter 3.
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Table 2.7 describes some carbohydrate molecules and their functions in organisms.
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Example

Inulin is the primary storage carbohydrate in a few species including Jerusalem artichoke, Helianthus tuberosus, and chicory, Cichorium intybus. These plants do not store much amylose, if any.


1 a) Copy and complete the table below to show how amylose differs from inulin.





	Feature
	Inulin
	Amylose



	Monomer
	fructose
	  



	Number of monomers
	2,70
	  



	Type of glycosidic bond
	β 2–1
	  



	Solubility in water
	soluble
	  



	Site of storage in a cell
	vacuole
	  





    b) Some forms of inulin have a terminal glucose. Explain what is meant by ‘terminal glucose’.

    c) Explain why polysaccharides such as amylose and glycogen are suitable as energy storage molecules.



Answers


1 a)





	Feature
	Inulin
	Amylose



	Monomer
	fructose
	α-glucose



	Number of monomers
	2–70
	200–1000



	Type of glycosidic bond
	β 2,1
	α 1,4



	Solubility in water
	soluble
	insoluble



	Site of storage in a cell
	vacuole
	amyloplasts/chloroplasts





    b) ‘Terminal glucose’ refers to a molecule of glucose attached to the end of a polymer or a chain, in this case the end of a polymer made of fructose monomers.

    c) Polysaccharides such as amylose and glycogen are suitable as energy storage molecules because they are insoluble. Because they are insoluble, they do not decrease the water potential of the cell (as would happen if the equivalent number of glucose molecules were stored instead of being converted to starch or glycogen). If glucose was stored, the cell would need a thicker cell wall to withstand the extra pressure potential.

        Compared with many thousands of glucose molecules (which are also always surrounded by water molecules), polysaccharides such as starch and glycogen are compact; they do not take up as much space.

        Glucose needs to be readily available, because it is easily respired and so provides energy quickly, and soluble so that it can be transported easily to where it is required. Glucose is easily removed from the ends of the polysaccharide molecules, α 1,4 glycosidic bonds are easy to break by hydrolysis, and glycogen is branched so there are many places from which glucose can be removed.
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Test yourself


11 Describe the main differences between starch and glycogen.

12 Explain the features of starch that make it an ideal storage molecule.

13 How are the cellulose fibres arranged in a plant cell wall? Find out how they are held together and describe their importance in the cell wall.

14 What can you find out about chitin and peptidoglycans and their role in insects, fungi and bacteria?
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Lipids

Lipids are macromolecules. They are not polymers, because they are not formed of many similar monomer units. Lipids include triglycerides (fats and oils), phospholipids, waxes, and steroids such as cholesterol.

All lipids are made of the elements carbon, hydrogen and oxygen, but the proportion of oxygen is low compared with that in carbohydrates. All lipids dissolve in organic solvents such as alcohol, but not in water, and so are described as hydrophobic.

The role of lipids in living organisms


•  Lipids are important molecules in living cells because they have a high energy yield and so act as an important energy source, which can be respired.

•  They can also act as an energy store: in plants lipids are often stored as lipid droplets, and in animals as fat in adipose tissue.

•  Lipids act as an insulating layer, forming thermal insulation under the skin of mammals and an electrical insulator around some of the nerve cells in vertebrates and some invertebrates. They also form the waxy cuticle around leaves and stems of plants.

•  All biological membranes are made from lipids, and the group of hormones called steroids are lipids.



Triglycerides include fats and oils, which are both formed from a condensation reaction between two groups of molecules: fatty acids and glycerol. The bond formed is called an ester bond or ester link.

The glycerol molecule is an alcohol and is the same in all fats and oils, but the fatty acid molecules are different depending on the molecule of fat or oil formed.

Glycerol (Figure 2.18) is a small molecule of just three carbon atoms and three oxygen atoms arranged as part of three –OH groups, which include three of the hydrogen atoms. The remaining hydrogen atoms are H groups arranged around the carbon.
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Fatty acids are large molecules consisting of a hydrocarbon chain (see Figure 2.19) with a carboxyl group at one end. This is the end that reacts with the –OH group of the glycerol to form the ester bond. A methyl group (–CH3) at the other end makes the whole chain hydrophobic. Because there are three –OH groups on the glycerol, three fatty acids bond to the glycerol by three condensation reactions, so that three molecules of water are lost and three ester bonds formed for each triglyceride. Figure 2.20a shows a typical fatty acid.
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Key terms

Fatty acid A molecule with a hydrocarbon (fatty) chain and a carboxylic acid (which contains a carboxyl (COOH) group).

Glycerol A three-carbon alcohol molecule that forms the basic structure to which the fatty acids are joined in a triglyceride.

Ester bond The bond formed when an organic acid such as a fatty acid joins to an alcohol such as
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1   Give a detailed description of the appearance of the mixture in the tube after adding the oil and ethanol mix to the water.

2   Suggest a suitable control for this test.

3   Find out about the translucency test for fats and compare this with the emulsion test. Decide which test gives the most accurate results.
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Saturated or unsaturated fatty acids?
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Phospholipids
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Differences between phospholipids and triglycerides





	  
	Triglyceride
	Phospholipid



	Structure
	one glycerol molecule and three fatty acids
	one glycerol molecule, two fatty acids and a phosphate group



	Function
	




	








Cholesterol
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15 Describe the structure of a saturated fatty acid and state one important use of this type of molecule in cells.

16 What is a double bond? Describe the effect this may have on the structure of a fatty acid.

17 What are the main structural differences between a triglyceride and a phospholipid?

18 What type of bond is used to join the molecules of fatty acid to the glycerol molecule, and how are these bonds formed?

19 Describe the differences in the properties of a phospholipid molecule, a cholesterol molecule and a triglyceride.

20 Suggest one important structural aspect that may account for some of the differences between triglycerides, phospholipids and cholesterol molecules.
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•

1 Which one of the following involves condensation reactions?




    A breaking down triglycerides to fatty acids and glycerol

    B dissolving glucose in water

    C forming hydrogen bonds between cellulose molecules

    D synthesising glycogen





•

2 Solutions of four carbohydrates were tested with Benedict’s solution. Which row shows the expected results when solutions of these carbohydrates are boiled with Benedict’s solution?
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•

3  a) The diagram below shows a molecule of water.
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        Copy the diagram above and show how the molecule of water interacts with three other water molecules.


    b) List three roles of water in living organisms.





•

4 Which best describes a suitable test for the presence of lipids in a biological sample?





    A Add ethanol to the sample and shake until it has all dissolved.

    B Add ethanol to the sample, shake and then pour the solution into water.

    C Add water to the sample and shake until it has all dissolved.

    D Add water to the sample, shake and then pour the solution into ethanol.




•

5 Triglyceride molecules are produced by condensation of glycerol and fatty acids.




    a) i) Name the bond that forms between glycerol and a fatty acid.


        ii) State how many molecules of water are formed when a molecule of a triglyceride is synthesised from glycerol and fatty acids.


        iii) State three roles of triglycerides in mammals.





    b) Linoleic acid is an unsaturated fatty acid with 18 carbon atoms. It has two double bonds (C=C) immediately after the sixth and ninth carbon atoms from the methyl (–CH3) end of the hydrocarbon chain.




        i) Make a diagram to show the structure of a molecule of linoleic acid.


        ii) Explain why linoleic acid is described as an unsaturated fatty acid.





    c) Phospholipids and cholesterol are components of cell membranes.




        i) Explain how the structure of phospholipids makes them suitable for cell membranes.


        ii) Describe three ways in which the structure of cholesterol differs from the structure of phospholipids.





•

6 During germination of seeds, maltose is formed by the breakdown of starch. Maltose is further broken down to form glucose.
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    a) i) Copy the diagram of maltose and use it to show how maltose is broken down into molecules of glucose.


        ii) Name the type of reaction that occurs when starch is broken down to glucose during the germination of seeds.





    b) Explain why maltose and glucose are soluble in water, but starch is not.


    c) The table below shows the composition of the seeds of four species of flowering plant.
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        Discuss the composition of the seeds from the four species with respect to the functions of the substances shown in the table.





•

7 a) The diagram below shows a molecule of β-glucose.
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        Describe how α-glucose differs from β-glucose.


    b) The diagram below shows the end of a growing molecule of cellulose.

        Copy and complete the diagram to show how a molecule of β-glucose is added to the end of the growing molecule of cellulose.


    c) Suggest how cellulose is a suitable material for the cell walls of plants.






8 The fruit of the cotton plant, Gossypium hirsutum, contains seeds surrounded by cellulose fibres known as lint. As the fruits ripen, sugars may become attached to the lint. Some sugars come from the plant itself and some fall on the lint after egestion by aphids that feed on cotton plants. The sugars are a mixture of reducing sugars and non-reducing sugars. Lint covered in sugars is sticky.

    During processing, the lint is separated from the seeds and made into cotton fibres. The lint is more likely to stick to the processing equipment if it is covered in sugars.

    Explain how you could use the Benedict’s test to find out how much of each sugar is attached to lint from different samples of cotton.
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Table 2.7 Structure and function of different carbohydrate molecules.

Monosaccharide  small, soluble
Disaccharide small, soluble
Polysaccharide  large complex

molecules which
are stable and
insoluble

glucose (6C)

ribose (5C)

deoxyribose (5C)

maltose

sucrose (made of glucose and fructose)

lactose (made of glucose and galactose)

starch and glycogen

cellulose

source of energy as easily hydrolysed;
transported in the blood of animals

part of all types of RNA molecules and
ATP molecules, so it is an important
part of protein synthesis

part of DNA for inherited information

energy storage in some plants

energy storage in some plants
transported in plant phloem

the sugar found in milk; provides an
important nutrient for young mammals
energy storage in plants (starch) and
animals (glycogen)

structural and very strong; forms the
main component of the cell wall in plants
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Figure 2.18 A glycerol molecule.
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Table 2.2 Features of the main carbonhydrates.

Type of single molecule two molecules many molecules
molecule covalently joined covalently joined to
each other

Taste sweet to taste sweet to taste not sweet

Solubility soluble soluble insoluble

in water

Number of  none single glycosidic many glycosidic

glycosidic bond bonds

bonds

Structure exist as a single two rings joined long chains, which
ring shape or as a may be branched
straight chain and coiled, making

them very compact

Roles energy release, energy release, energy storage,
transported in blood, ~ storage, and structural
monomers for other  transport within component of cell
carbohydrates plants walls

Examples  hexoses (6C) such sucrose starch (amylose and
as glucose, maltose amylopectin)
fructose and lactose glycogen
galactose; cellulose
pentoses (5C)

such as ribose and
deoxyribose;
trioses (3C) such as
glyceraldehyde
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Figure 2.11 Some disaccharide molecules: sucrose, maltose and lactose.
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igure 2.12 Test for reducing sugars. The
results after heating a glucose solution (left)
and distilled water with Benedict’s solution.
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Figure 2.3 A water droplet.
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lonic compounds like
NaCl dissolve in water,

NaCl ==Na* + CI-

with a group of orientated
water molecules
around each ion:

Sugars and alcohols
dissolve due to hydrogen
bonding between polar
groups in their molecules
(e.g. ~OH) and the polar
water molecules:

Figure 2.4 Water as a solvent.
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Figure 2.6 A condensation reaction between glucose and fructose,
forming a glycosidic bond.





