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Introduction


Stones grow, plants grow and live, animals grow, live and feel.


Carolus Linnaeus (1707–78)


Has the way the basics of biology are taught changed since Linnaeus made this statement in the eighteenth century? We have come a long way since then and perhaps a casualty of specialization is the failure to appreciate the wonder of a whole subject. If we concentrate on a single bloom, the magnificence of the whole bouquet is lost. Today, we live in a world of specialists. No one can really be a ‘biologist’, in the same way as scientists can no longer be omniscient. Even the specialisms of biology become sub-divided; for example geneticists specialize in subjects like gene cloning or medical genealogy and cytologists specialise in cell membranes or in other specific parts of a cell. To the non-specialist, non-scientist, the word ‘biology’ still has meaning as the study of living things. Many may be reminded of their school days when, all too often, the subject was reduced to necrology – an obituary of sloppy, grey, dead things in jars of liquid – things which were no more than laundry lists of jaw-breaking names which had to be remembered for homework for a test the next day. The rigidity of school curricula, in order to master certain assessment criteria, often snuffs out the initial flame of wonder and interest that many youngsters have in the living world. Perhaps too much emphasis is placed on formal assessment. An analogy is a legend of a farmer who spent so much time weighing his pig that he did not have time to feed it properly and so the pig died! Are we in danger of spending so much time assessing, that we do not have time to teach properly? Those topics which are easiest to assess are not necessarily the most interesting to learn, and those topics which are interesting to learn are often very difficult to assess objectively. How do you assess appreciation of a topic rather than knowledge of it? Often, people of an older generation remember their school biology as little more than ‘frogs, ferns and fornication’ or ‘cutting up earthworms and eyes’, with little understanding of the fundamental principles which unify life on Earth. The blunt truth is that school text books are written to be sold and they won’t be sold unless they meet the criteria of official specifications for awarding authorities. Hence, much of the excitement and fascination found in children regarding living things, often becomes stifled when schools have to prepare them for assessments using standard texts. This book is an attempt to move away from the plethora of text books on biology. It is meant to concentrate on those aspects of the subject which need not necessarily be assessed formally. Hopefully, it will give the reader a background to the subject as viewed from a height, highlighting the extraordinary nature of biology which makes it different to the other sciences.


On Earth there are more than a million kinds of living things. They are found on land, in water and in the air. Some are mere blobs, ugly to look at and hard to recognize as being alive. Others are intricately formed, beautifully coloured and elegant in motion. In size they range from tiny specks, visible only with the highest powered microscopes, to whales and giant trees. This book is about such living things interacting with their rich environment. The use of technical terms has been minimized but, inevitably, biological terminology must occur in some of the descriptive prose used to communicate concepts. In order to help the reader, there is a glossary at the end of the book and a short guide to ‘biospeak’ which attempts to give the Greek and Latin derivations of some of the more common words used in biology. Since the invention of its name in 1802 by Jean Baptiste Lamarck, biology has, of necessity, grown into a tree of specialisms. Each specialism is at the tip of a branch and each worthy of a Teach Yourself book. Perhaps, after having a taste of some of the main topics of biology the reader will be encouraged to explore further. If this is the case, the book will have achieved its aim.
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	life as we know it







In this chapter you will learn:


•  about the structures and functions of cells


•  how animals function


•  how plants function.


Solitary confinement


In contrast to things that have never lived, living things can take non-living material from outside their bodies and transform it into themselves, each according to its own pattern. Thus a child and a kitten can eat the same cooked meat. In one case the dead meat is turned into human, and in the other, into cat. This transformation requires a special type of chemical called deoxyribonucleic acid or DNA (see p. 95). So, if we really have an uncontrollable urge to define life, we can say it is a self-sustaining system dependent on DNA. However, rather than philosophizing over the meaning of life, let us begin a study of biology by looking at the ways in which living things are put together, what they contain, and how their chemistry makes them tick. These pursuits could be an endless quest because simple answers to simple questions often lead to more complex questions with even more complex answers. The end product is a biosphere of unimaginable complexity and beauty. Knowing even a little about life cannot fail to amaze us that it happens at all.


Make a list of the parts of some living things: skin, bone, muscle, liver, roots, stems, flowers etc. If a thin slice of any one of these is examined with a microscope it will be seen to be composed of apparently isolated tiny compartments – ubiquitous sacs of life – called cells. Although millions of microscopic examinations have confirmed this observation, it all began with the curiosity of Robert Hooke (1635–1703). He published his meticulously detailed descriptions of cells in one of the most significant science books ever written. This was his Micrographia of 1665. His most widely known observations took place with a quite unlikely material – a slice of cork; but with this, the science of cytology (the study of cells) was born.


What he saw reminded him of the small rooms in which monks lived, the cells of a monastery. In fact he was observing an interlocking arrangement of plant cell walls. All of their contents had long since died in boxed solitary confinement. The empty boxes that he saw had once held active living materials. There was no suggestion in Hooke’s report that his discovery would be of great biological importance – he did not realize that he had seen the building blocks of life itself.


The Royal Society of London published Hooke’s masterpiece, and because King Charles II was the patron of the Society, Hooke began his book with a dedication: ‘To the King, Sir, I do here most humbly lay this small present at Your Majesty’s Royal feet’. It may have seemed a small present for a king, but it became a priceless gift to Mankind.


Unknowingly, then, Hooke had laid the foundations for a new science but about a century was to pass before the significance of his work was grasped. It was not until 1805 that the German naturalist, Lorenz Oken, formally published what has become known as the cell theory: ‘All life comes from cells and is made of cells’. Oken’s work was confirmed in 1839 by two other Germans, botanist Matthias Jakob Schleiden and zoologist Theodor Schwann, who independently concluded that all living things are made of cells. Today, we know that the position of viruses in this definition is questionable, but by saying ‘living things’ we mean things that can reproduce independently. Viruses are exceptional because they are all parasitic and can only reproduce inside other living things.


The work of Schleiden and Schwann promoted the cell theory which is probably the most important biological generalization of the first half of the nineteenth century. The cell theory is to biology as the atomic theory is to physics and chemistry. It has grown in importance and is central to the continued development of modern biology. After publication of the cell theory, Schwann became a professor at the University of Louvain and, after nine years, moved to the University of Liege. He was known as an outstanding experimenter and an excellent teacher. Schleiden was a successful lawyer whose interest in science was so compelling that he gave up his law practice and, after graduating in medicine, devoted himself mainly to plant science. It was Schleiden who encouraged Schwann to finally develop and publish the cell theory in a research paper.


So here was an unlikely duo of zoologist and botanist. Schwann was gentle and kind, always avoiding controversy, whereas Schleiden was assured, disputative and certain to provoke discussion. They complemented each other in this single joint effort and provided an exemplary model of co-operative research. Schleiden published first in 1838 and reached two major conclusions. He stated that plants were built up of cells, and that the embryo of a plant arose from a single cell. Schwann carried out the more comprehensive work and first used the term, cell theory. He published this theory in 1847 under the title Microscopical Researches into the Accordance in the Structure and Growth of Animals and Plants.


In 1860, the German pathologist, Rudolf Virchow asserted, in a succinct Latin phrase, that all cells arise from cells. He showed that the cells in diseased tissue had been produced by the division of originally, normal cells. By the end of the nineteenth century many observations of the microscopical structure of cells had been published with the aid of microscopes which relied on the transmission of light. At that time, microscopes had been developed which had reached the limits of magnification possible with lens systems. However, the question remained: are cells made only by chemicals, or do they contain some special ingredient that escapes detection, a mysterious force that makes life work? The dispute over the answer to this has been one of the longest and hottest of all quarrels in the scientific world. In order to address this problem, a new invention – the transmitting electron microscope, became invaluable.


A carpenter could not make a living without tools of the trade – perhaps the same design that has not changed since the time of classic medieval master builders. Hundreds of years ago, carpenters used their muscles to power their tools just as they do in the twenty-first century. The invention of power tools changed this and although the end products depend on the carpenter’s skill, the method of powering his tools is different. As an analogy, the pioneering cytologist’s tool kit included the ordinary light microscope which was once the only way to obtain the degree of magnification needed to view cells. There have been many variations on its theme, but the basic principle has remained the same, but so have the limitations of the technique – limitations imposed by the light microscope’s power of resolution.


Resolution refers to the smallest distance by which two points can be separated and still be distinguished as separate points. If they are separated by a distance smaller than the resolving power of the microscope, they will be seen as a single point. Under ideal conditions, the best light microscopes have a resolution of about 0.25 micrometres with ordinary white light. The power has been improved with the use of ultraviolet light where the UV light is projected on to a specimen which absorbs the light energy and re-emits it as electrons that are then magnetically focused. This is the photoelectron microscope.


The resolving power of the transmitting electron microscope (TEM) is of an order of magnitude greater than that of a light microscope. Thus cells can be examined in far greater detail. The TEM was invented in the 1930s and works on an entirely different principle from the light microscope; just as the power motor works on an entirely different principle to muscles in our carpenter’s analogy. In the TEM, excited electrons are drawn from a heated filament and are then directed, or focused, by magnetic fields. Theoretically a resolution of about 0.005 nanometre is possible.
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Figure 1.1 Plant Cell


With this tool, cytologists have mapped the cell’s surface and penetrated below it to the interior. The level of detail to be seen is shown in Figure 1.2.


Our cells are like living factories with the nucleus representing the management, the other organelles the machinery, and the enzymes (see p. 24) the workers. Just like a factory, the cell must obtain raw materials for it to perform efficiently. It must also be able to get rid of waste. In a cell, this exchange is controlled by the plasma membrane (cell membrane), which regulates the entry and exit of materials like a security system at a factory’s gates. These ‘gates’ are composed of lipids (fats) and proteins in combinations with other chemical compounds (see Figure 1.3).


Whether or not materials pass through the gates depends on the arrangement of lipid and protein molecules within the membrane. Some protein molecules sit on its surface while others penetrate it. They can help to carry substances across the membrane by combining with them. By escorting the materials through in this way they facilitate the process of diffusion (see p. 26) by which substances pass from where they are in high concentration to where they are in low concentration. Some molecules are so small that they simply diffuse across without any help. These include oxygen, carbon dioxide, and water. In some cases the cell needs to accumulate a particular substance against a concentration gradient – i.e. the substance has to move from where it is in low concentration to where it is in high concentration. For this to take place, a process of active transport is needed which requires the factory workers (the enzymes) to release energy to be used in pumping materials across the membrane.
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Figure 1.2 Animal Cell


A further means of intake of materials involves a process called phagocytosis (from the ancient Greek, (phage = eating; cyton = cell). So it means cells that ‘eat’ things. In this process, the membrane flows around the ‘food’ being taken in, forming a bubble-like vesicle which becomes detached on the inside of the cell membrane. Once inside the vesicle, digestion begins using enzymes made by the cell. A good example of this is when certain white blood cells digest bacteria which may enter our bodies.
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Figure 1.3 Structure of a Cell Membrane


Besides being essential as selective barriers to the external environment of cells, membranes are also important within the cells. They divide the factory into compartments, where different functions are carried out by different workers – the enzymes. A network of membrane-bound tubes forms the endoplasmic reticulum (from the ancient Greek, endo = inside; plasm = moulded form; reticulum = network). In the cell it acts like an internal transport system – like a factory’s intranet system of communication. It also presents a large surface area for the attachment of structures called ribosomes, where proteins are assembled on a sort of conveyor belt system in our factory analogy.


Then, there has to be a packaging department. It was first discovered as long ago as 1898 when Camillo Golgi (1844–1926), an Italian physician and Nobel Prize winner, was experimenting with some cell-staining techniques. He discovered that when he stained cells with silver nitrate, strange shapes appeared in the cells. However, it took half a century before the significance of this discovery was appreciated because when Golgi first described his ‘Golgi bodies’, other microscopists thought that they were merely artifacts or debris produced by the staining process because they could not be seen in living cells. The function of the Golgi body was not discovered until well after the invention of the electron microscope. It is now known that its role is complex but, briefly, it is where many substances made by the cells are stored and sometimes modified before being packaged into membrane-bound sacs and transported to the outside of the cell. It is rather like a packer for an internet home delivery service.


All factories need a source of power. Our cells have tiny membrane-bound compartments called mitochondria (from the ancient Greek mito = thread and chondro = grain-like). The naming of them thus describes their appearance when stained and seen with the highest magnification of a light microscope. The electron microscope has elucidated the details of their structure. They appear in a variety of shapes – round, elongate and thread-like. In some cases they seem to wriggle around the cell, while in others they seem to be immobile. They are not randomly distributed, but tend to be aggregated in places where most energy needs to be released. They are the power-houses of the cell where most aerobic respiration takes place.


All of these tiny organelles that we are comparing to parts of a factory are embedded in the cytoplasm which is about 90% water and a mixture of mineral salts and giant molecules. These react together as the living contents of all cells. When it contains a nucleus it is called protoplasm or ‘first moulded form’, a name given to it by the Czech physiologist, Jan Evangelista Purkinje, in 1839. The term was extended to mean the contents of all cells by the German botanist, Hugo von Mohl.


Our building kit


How many building blocks does it take to make one of us? How big are our building blocks and are they all the same?


On average we can say that most cells, at least the ones in our bodies, measure about 1,000 to a centimetre. There are about 50 million, million cells in the body of an average human and about 2,000 times as many in a whale. The giants of the cell world always come from females. These are their eggs with the largest being that of the ostrich. Besides birds’ eggs, other large cells are the eggs of fish and frogs. Males on the other hand, produce some of the smallest of cells but make them in much larger numbers. These are the spermatozoa (from the ancient Greek, sperm = seed; zoo = animal).


Cells vary not only in size but also in the job they perform. Liver cells carry out primarily chemical tasks related to dealing with digested food and clearing the blood of poisonous chemicals. It is so important that it is made of thousands of millions of cells.


A hen’s egg or fish egg has quite a different job – to protect and nourish the baby chick or fish until it is ready to hatch. The food and water stored in them contribute to their size. Before birth, human babies and those of most other mammals are nourished by their mother’s blood stream. Thus mammalian eggs are comparatively small on the egg scale of things but large on the cell scale. Sperm cells, on the other hand, are all small. Their only job is to provide a nucleus to fuse with the egg nucleus to make the fertilized egg called a zygote (from the ancient Greek zygo = joined), from which the embryo develops by a process of cell division. So that the sperm cells can reach the egg, either in water or inside the female’s body, each has a filament-like ‘tail’ which helps it in swimming to its target. Most cells specialize to carry out certain jobs. A nerve cell carries messages in the form of electrical impulses; others contract and relax to make bits of us move; a red blood cell carries oxygen combined with haemoglobin; certain white cells gobble up invading bacteria and viruses or make chemicals to protect us from disease. Such specialized cells make up a tissue, and organs are made up of groups of tissues.


The specialized cells are shaped to carry out their jobs. Muscle cells are shaped like rods or long spindles, whose tapering ends fit neatly together as a sheet of tissue. Nerve cells have tree-like branches, one of which may be particularly long so that it can carry electrical impulses to the next to form a chain of interconnected cells functioning as a single unit. This is an ideal arrangement for getting messages to and from the brain – rather like a system of insulated, conducting wires in an electric circuit. Cells lining a moist surface, such as the inside of the windpipe and lungs, may have tiny hair-like projections called cilia. They stick out from the surface to pass particle-containing mucus along as they wave like a field of wheat in the wind. Among other types of cells are gland cells that make and release special fluids called secretions; connective tissue cells that fill spaces between tissues; and epithelial, or skin cells, that cover surfaces for protection.


Gland cells are often jug-shaped, while cells for covering large areas are rather flattened. Similarly, cells covering the outside of leaves and stems are also flat. Inside leaves, the most prominent cells look rather like squat columns and many of the cells in plant stems are long tubes, a shape which makes them ideal for carrying solutions to parts which need them.


All in one


Some cells live as independent organisms and can do all of the things that multi-cellular organisms can do. Among the larger one-celled creatures is Amoeba. It is roughly four times as big as a human egg. When we get down to bacteria, however, size diminishes rapidly. These tiny microbes are just about the smallest living things that can be seen with a light microscope and have many features which are considered to be more primitive than our cells. For example, they do not have a membrane around their DNA, so therefore they cannot be said to have a distinct nucleus. Because of this, they are placed in a group of living things called the prokaryotes (from the ancient Greek pro = before; kary = nut/nucleus), as opposed to all cells with a proper nucleus, the eukaryotes (eu = proper; karyo = nucleus).
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Figure 1.4 Prokaryote


Prokaryotes also do not have mitochondria, which leads us to an interesting idea regarding the origin of both mitochondria and chloroplasts (see p. 5). There is now much evidence to suggest that mitochondria and chloroplasts may be the descendants of free-living prokaryotic cells that invaded other cells during life’s evolutionary history. This idea is known as the symbiosis hypothesis. Symbiosis is defined as a relationship between two organisms of different species in which both gain benefit. The idea goes back to the 1970s when the American cytologist, Lynn Margulis, suggested that mitochondria and chloroplasts arose from bacterial and blue-green algal ancestors. It is possible that they were taken in by some of the earliest developed eukaryotes and that they became mutually dependent on their host cells and unable to exist outside them. In time, the co-habitants became permanent partners, unable to separate. Mitochondria and chloroplasts can reproduce themselves, but in modern-day eukaryotes, their reproduction is often precisely synchronized with the reproduction of the host cell. They are also surrounded by a double membrane, similar to cell membranes of eukaryotes. So, are bacteria the smallest living things? Many diseases of both plants and animals are caused by viruses. These cannot be considered as being made of cells because they do not have any structures that we associate with cells and can only reproduce while parasitizing host cells.


Is any one part of a cell more important than another? One way to find the answer to this question is to look closely at some of the independently living cells, such as the tiny animal, Amoeba. This is probably the most commonly remembered of all the Protozoa (single-celled animals) by people with a vestigial knowledge of school biology. The structure and behaviour of this tiny animal has been taught to students since the nineteenth century – in most cases without ever having been seen by the teacher or pupil! The most talked about Amoeba is Amoeba proteus, a fresh water species. There are many other types, some living in the sea, others living in the intestine, causing amoebic dysentery, and yet others wandering around between the teeth of your pet dog or cat!


However, Amoeba proteus is the one that we were taught about as a minute blob that could move by squeezing out projections of protoplasm on the bottom of ponds. It was discovered as long ago as 1755 by Rozel von Rosenhof. He named it Proteus animalicule because it can change its shape so often and assumes so many varieties of shape. In Greek mythology, Proteus was an ‘old man of the sea’, who looked after the seal flocks of Neptune. He had a great reputation as a prophet and possessed the gift of endless transformation, adopting all manner of shapes and disguises in order to escape from those enquiring people who wished him to make prophesies for them. The name Proteus animaliculae was changed to Amoeba from the Greek meaning ‘change’. Professor T. H. Huxley, in the nineteenth century (best known for supporting Charles Darwin’s theory of evolution) described it as ‘one of our most wonderful animals, for it walks without legs, eats without a mouth, and digests without a stomach!’


In spite of the fact that amoebae are just about as simple as you can be and still be called an animal, they seem to get along very well with very little in the way of internal structure to clutter up their protoplasm. Indeed, if you think about it, because they only reproduce asexually by splitting into two, the ones crawling around today must be almost identical to their ancestors – perhaps hundreds of millions of years ago!


Although it has neither brain nor sense organs, an amoeba can move toward food and away from conditions that might harm it.
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Figure 1.5 Amoeba



It does this by extending part of its body and then flowing into it – a bit like squeezing toothpaste out of a toothpaste tube. The extensions are called pseudopoda (from the ancient Greek pseudo = false; pod = food). When it reaches the bacteria or small plants (algae) upon which it feeds, it simply flows around its meal. Thus the food is inside the amoeba in a bubble called a vacuole, surrounded by cytoplasm. In time, the contents of the vacuole will be digested and the products will be absorbed into the cytoplasm. Any remaining indigestible bits, like the cell wall of plant cells, will be eliminated by a simple procedure of working the vacuole to the surface of the amoeba and simply flowing away from it. Excess water and other waste products of the amoeba’s metabolism are emptied into a contractile vacuole, which periodically bursts to excrete the waste.


Size matters


As always happens with living things, a well-fed Amoeba grows. Now there is a problem. At least one of the ‘B’ movies of the 1950s depicted a giant blob of protoplasm, about the size of a large bus, oozing around the countryside engulfing anything slower than itself. In reality, however, the largest single-celled animal you are likely to see will be with your microscope and will be no bigger than a pinhead – and that will be a giant among the Protozoa! Besides the fact that all protozoans live in water, and that a blob of protoplasm, the size of a bus, would be too heavy to move without a skeleton, the main problem is the ratio of volume to surface area.


As cells grow, the volume of their protoplasm increases more than the area of their surface membranes. Because Amoeba does not have a fixed shape, this is hard to visualize; but consider a 1 cm cube. Its volume is 1 cm3 and its surface area is 6 cm2. Double the edge of the cube, and the volume becomes 8 cm3, while the surface area becomes 24 cm2. Double the edge once more and the volume will jump up eight times to 64 cm3 while the surface area increases to 96 cm2 – four times what it was. An amoeba, of course is not a cube, but the principle holds. As the volume of cytoplasm increases by a factor of eight, the amoeba’s surface area increases by a factor of four. This is true of all cells. If growth continued, the inside of the cell would soon be so great that the membrane could not get essential oxygen in fast enough for the cell’s needs; neither could harmful waste carbon dioxide leave fast enough.
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Figure 1.6 How to Increase Surface Area Using The Same Volume


In Amoeba, when it is time to divide, the nucleus splits into two parts which move a little distance from each other. Then the cytoplasm pinches down between the two nuclei, and the cell divides. The new cells, often called daughter cells, move off to feed, grow and divide again. From this it would seem almost as if the cytoplasm and membrane control cell activities – but experiments have told a different story.


With a good microscope, a steady hand, a fine glass needle, and endless patience, scientists have been able to perform microsurgery on amoebas, cutting off parts or removing the nucleus. In some experiments, almost all the cytoplasm has been lopped off. Although the cut-off portion soon dies, the surviving fragment, containing a portion of the cytoplasm and the nucleus, continues to feed and grow. In one experiment a piece of cytoplasm was removed every day for four months and the amoeba never divided. A control amoeba, that was not operated upon, went through 64 divisions during the same period. In other experiments, the nucleus was removed. When this was done, the amoeba continued to move around. The contractile vacuole formed and emptied, indicating that water, at least, passed into the cell and that some metabolism was maintained. These amoebas, without a nucleus, did not feed and did not divide.


Now we come back to our original question. Is one part of a cell more important than the others? The answer is ‘no’. Although the nucleus directs and controls all activities, the cytoplasm is the place where feeding, movement and growth occur. A complete cell is capable of all life’s functions. A piece of a cell is a fragment of life without a future.


The miracle of growth


A newborn infant has thousands of millions of cells. Where do they come from? As a rule, most living things that are made of many cells begin life as a single cell, the fertilized egg, that results when a male sex cell fuses with a female sex cell. During the period before birth, the cell divides again and again. As division goes on, the cells become specialized into tissues and organs. The new life form becomes transmuted from a shapeless lump of cells into a recognizable organism.


Cell division does not cease at the time of birth. The miracle of life is accompanied by growth. When cells in an organism divide, the new cells are smaller than the original cells were, but gradually they increase in size and get ready to divide again; and so the process continues. Some cells die, such as those in the outer layers of your skin or the outer layers of tree bark. These cells have long since given up the ability to divide. Other cells are ‘asleep’, or dormant, such as those in a seed; they do not divide until are ‘awakened’ by a change in environmental conditions. On the other hand, well-fed bacteria may divide every 20 minutes. If all the descendants of one bacterium survived, they would become some 5,000 million in 12 hours! A maize stalk may grow several centimetres in a day. A healthy human baby may put on weight at the rate of several grammes per day – a milligram every three seconds. A cell weighs somewhere between a thousandth and a millionth of a milligram, so that the baby has acquired between a thousand to a million new cells in those three seconds. However, this very active growth is only a transient stage. Growth stops in the maize stalk and begins in the seeds as they begin to form. A baby grows more and more slowly until it reaches the teenage adult stature.


Although growth in height ceases in humans, some cells keep their power to divide. When you cut your finger, you damage and kill some living cells. Within a few hours, the surviving cells around the wound begin to grow and divide, and within a few days the dead cells are replaced with new tissue. If you break a bone, new bone tissue grows to join the pieces together, and every second of the whole of your life, your red bone marrow is producing millions of blood cells to replace those which become used and worn out.


Primitive animals can regrow parts which may be accidentally cut off, but the more complex the animal is, the less able it is to replace missing bits. If your cut is too big or too deep, the body will fail to repair it properly, the new cells are of a different type from the missing ones and show a permanent scar.


In most adult animals, some cells can divide for repairs, but there is no continued growth of the animal as a whole. Trees and some other plants keep growing as long as they live but their growth is confined to specialized growing points at the tip of the stems, the tip of the roots and within their outer tissues causing growth in girth. Even within species there may be short and tall individuals because size depends not only on environmental factors but also on genes.


Cell division in a growing creature, or in the repair of damage, usually stops at the right point. Sometimes, though, the control fails and cells go wild and totally out of control. They multiply so that a large lump of tissue grows where it is not supposed to grow. This lump is called a tumour. It may be merely inconvenient, or it may be dangerously active, in which case it is called cancer.


Scientists have found that repeated exposure to X-rays or radioactive substances can stimulate cells to divide in this uncontrolled way. Some chemical compounds called carcinogens will cause cancer if they come in contact with living cells over long periods. For example, there are several kinds of carcinogens in products made from tobacco which cause lung cancer.


And then there were two


In 1859, Rudolph Virchow, a German physician published a research paper in which he wrote:


Where a cell exists there must have been a pre-existing cell, just as the animal arises only from an animal and a plant only from a plant. The principle is thus established, even though the strict proof has not yet been produced for every detail, that through the whole series of living forms, whether entire animal or plant organisms or their component parts, there are rules of eternal law and continuous development, that is, of continuous reproduction.


He then coined one of the most meaningful and succinct phrases of cytology: ‘omnis cellula e cellula’ – all cells from cells.
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