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Preface

It would be understandable if we thought that humans were the principal species on this planet and that we now live in the era where mammals dominate. As we consider previous ages ending with the Cretaceous extinction 65.5 million years ago, we could well be forgiven for thinking that this was the ‘Age of the Dinosaurs’. The reason is that we tend to classify each era with what can easily be seen around us or from what palaeontologists have reported and placed in museums of natural history for us to marvel at. The truth is there never have been any dominant organisms other than bacteria and that this planet has been in the ‘Age of Bacteria’ almost from the very beginning when life emerged. Bacteria are the most numerous of all organisms and their biomass is by far the largest on our planet and has been estimated w3.org/TR/xhtm
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Chapter 1
Origins

It would be easy for us to assume that bacteria are the simplest form of life and thus presumably would have been the original life form on this planet. This may be true but it is not a simple equation. Bacteria are single-cell organisms and are what are known as prokaryotic cells. These differ considerably from the cells of both animals and plants inasmuch as there are no visible discrete compartments within the cell. They are also usually considerably smaller than the cells of animals and plants.

So how did bacteria first emerge? This looks like a classic ‘chicken and egg’ conundrum. Bacteria, like all cells, contain DNA and they function by the decoding of this DNA into proteins, which comprise the enzymes that control all the major processes within the organism. In this respect, they are similar to other cells and thus probably have a common origin. The link between DNA decoding and protein production is RNA. RNA does not differ greatly in structure from DNA and some believe that RNA is the origin of life. This is plausible as RNA is the messenger; it is the molecule that is transcribed from DNA and from which protein is translated. It was the discovery of ribozymes by Thomas Cech, at the University of Colorado, and Sydney Altman of Yale University that strongly suggested that RNA was the origin of life. Ribozymes are RNA molecules that have a 3D (tertiary) structure and they can act as catalysts, similar to enzymes. Therefore RNA could act not only as the store of genetic material but also as the ‘enzyme’ that decodes it into the structures of life.

We may never be able to confirm this hypothesis but if we assume that it is plausible, then we can start to examine how bacteria emerged and where they fit in the evolutionary tree. Approximately 4.3 billion years ago, the first cells are thought to have arisen, probably with RNA as an essential catalytic role and later as a self-replicating molecule. The basic integrity of a cell is the formation of a cell membrane, composed of lipid bilayers. As these can form spontaneously, they could have surrounded early RNA molecules. Their continued presence may have been promoted through mutation of the RNA, which would have been passed on to succeeding generations through self-replication. This basic system does have significant disadvantages because a mistake made in the replication of RNA would immediately have an effect not only on the replication of the genetic material but also on the ability to act as a catalyst—largely, it may be assumed, in a detrimental manner. The separation of the self-replicating machinery from the enzymes they encode would have resulted in far fewer abortive stages. Consequently, we must assume that DNA largely took over the role of the carrier for the self-replicating genes and proteins of the enzymes that they eventually encoded. RNA merely remained as the messenger that carried the instructions from DNA to the formation of the proteins.

The early bacteria emerged approximately 1.5 billion years after the creation of the planet. For the next three billion years, bacteria were probably the planet’s sole living inhabitan;
	font-weight: normal;
}
@font-face
{
	font-family: "Charis";
	src: url(XXXXXXXXXXXXXXXX);
	font-style: etvolutionts. The fossil record shows that there were huge numbers of bacteria often collecting in large colonies, attached to many surfaces; their imprint can still be seen. Approximately one billion years ago, however, the numbers of these colonies in the fossil record began to fall and this could be evidence that bacteria had become the source of food for some other life form. Certainly, this was before the Cambrian explosion of half a billion years ago, when the diversity of life forms increased rapidly, but it does suggest that, for the first three-quarters of life on Earth, bacteria had it all their own way.

What were these bacteria?
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1. Timescale of bacteria emergence

The common view is that prokaryotic cells, such as bacteria, and eukaryotic cells, such as those that comprise our bodies, had a common ancestor. The last universal common ancestor (LUCA) or cenancestor is considered to be the most recent ancestor of all life on Earth and possibly was living some 3.5 billion years ago (Figure 1). It is thought to have been a prokaryotic, single-celled organism possibly similar to simple bacteria found today. By this time, it has been concluded that the genetic code must have become DNA rather than RNA, and that the catalysts had become true enzymes (proteins) composed of the twenty amino acids. Furthermore, the machinery for dividing the DNA, maintaining its integrity, and expressing the genes through RNA was already established.

These bacteria would have been exclusively anaerobic; they did not respire oxygen as there was little or no available oxygen in the atmosphere at the time. These bacteria could produce energy from the available nutrients but this was an extremely inefficient process. About 3.2 billion years ago, photosynthetic bacteria or cyanobacteria first emerged. These bacteria could use energy from the sun to make sugars, which were used for further metabolism. The by-product of this photosynthesis was oxygen, which began to accumulate in the atmosphere. Oxygen is toxic to many cells, particularly the early anaerobic bacteria, which probably started to decline. About 2.5 billion years ago, the fossil record shows that aerobic bacteria emerged, able to use the newly available oxygen and use it to convert sugars into energy, usually in the form of adenosine-5’-triphosphate (ATP). The use of oxygen vastly increased the energy obtained from a single sugar molecule, and these bacteria soon predominated.

The main eukaryotic cells may have derived from an early example of Archaea bacteria, which themselves derived from LUCA. They probably evolved about 1.5 billion years ago. These were distinguishable from prokaryotic cells by having a defined nucleus, usually comprising discrete chromosomes, that contained the DNA. However, having emerged from bacteria, the evolution of these eukaryotic cells did not proceed independently of prokaryotes, but with a degree of symbiosis. Eukaryotic cells possess distinct organelles; most animal cells possess mitochondia and most plant cells contain chloroplasts. Both these organelles are approximately the same size as bacteria and possess their own DNA. Mitochondria probably originated from oxygen-utilizing bacteria, such as early examples of proteobacteria or cyanobacteria, which have been captured by eukaryotic cells to provide energy through oxidative phosphorylation. Chloroplasts probably originated from photosynthetic bacteria in order to produce energy from light. In both cases, the eukaryotic cells ingested the bacteria but did not destroy them; allowing coexist is a good example of thisthth centuryence known as endosymbiosis. Both animal and plant eukaryotic cells were taking up the energy-generating machinery of bacteria, which had evolved over millions of years, thus obviating the need for their separate evolution in eukaryotic cells. This certainly accelerated the development of eukaryotic cells. It is believed that the incorporation of mitochondria and chloroplasts into eukaryotic cells also occurred 1.5 billion years ago as eukaryotic cells emerged. The mitochondria-containing cells became the cells of animals and the chloroplast-containing cells those of plants. Both mitochondria and chloroplasts still contain their ancient DNA, which replicates independently from the nuclear DNA of the eukaryotic cell itself. Similarly, this DNA is not affected by the sexual reproduction of the host and carries unaltered DNA from generation to generation. The acquisition of these energy-producing organelles rapidly increased the evolution of the eukaryotic cells, resulting in the Cambrian explosion of multicellular, eukaryotic animals and plants 500 million years ago.

What else distinguishes a bacterial cell from a eukaryotic cell? The size is an obvious distinction: the bacterial cell could be two microns in length whereas a mammalian cell may be fifteen times longer and 1,000 times greater in volume. However, one striking feature is the maintenance of the self-replicating genetic material, DNA. In bacteria, it is maintained as a single genome, with the genes closely packed and genes controlling related functions often clustered together. On the other hand, most eukaryotic cells have their DNA divided up into several chromosomes and are diploid, receiving one set of chromosomes from each parent. Therefore the chromosomes are homologous pairs, basically carrying the same genes in the same order. This arrangement can compensate for errors in the DNA as recombination of a damaged gene with the duplicate intact gene can rectify the error. The single copy of the bacterial genome means that if a mistake is made, it is likely to be permanent and often is lethal. The reason for this may be that many eukaryotic cells form part of a much larger organism where disastrous mutations could cause major damage, such as cancer. So the duplication may have evolved to minimize this. Bacteria, on the other hand, although they are single-celled organisms, are usually not in isolation but form colonies. Each cell is capable of regenerating the colony. So if, during DNA division, mutations do occur which are lethal for the host cell, there will be enough members of the colony, in which mutations have not occurred, to keep the colony thriving.

From a technical point of view, it has been conven>
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Bacteria and their own fight for survival

Normally bacteria divide by binary fission, whereby a single cell expands by creating macromolecules that make up the components of the cell and the cell wall. When the cell reaches approximately double its size, a septum is formed between the two halves of this enlarged cell. The septum is essentially part of the cell wall that, when complete, forms two complete daughter cells, which are able to separate from each other. In ideal conditions, this cell division can take place once every twenty minutes; so, in theory, a single bacterial cell could produce more than sixteen million progeny in eight hours. Although cell division time is short, the time taken to replicate the DNA of the cell is longer, often twice as long. In order to keep up with cell division, new replication cycles of DNA are started before the previous round has finished. Indeed, multiple copies of DNA are being replicated within a fast-growing culture. Rapid replication of DNA promotes mutations. Many of these will be lethal but some will be beneficial. In particular, the mutations have allowed individual bacterial species increased capability to compete for nutrients, often to the disadvantage of neighbouring bacteria, resulting in some local ‘warfare’, particularly in environments such as the soil. This led to the development of ‘weapons’, chemicals known as secondary metabolites that are excreted by the bacteria. Bacteriocins are released by bacteria to destroy surrounding bacteria of similar species, but they are quite limited in their effect. This capability has been refined by, for example, the Actinomyces, which are able to release chemicals that kill most bacteria; it is from these that we get most of our antibiotics.

By many small advantageous mutations, bacteria have been able to adapt to almost every environment and this has been the primary method of survival and evolution; however, the evolution of bacteria has not been without its own struggles. A hundred years ago, Frederick Twort and Félix d’Hérelle independently discovered small elements capable of killing bacteria. These were bacterial viruses or bacteriophages, simply called phages for short (Figure 2). Their existence had been implied since the earliest medical documentation which reported that some river waters could cure some bacterial infections. Recent metagenomic studies have shown that these viruses are profuse in most aqueous environments, making them as abundant as bacteria themselves.

[image: images]

2. Structure of a T4 bacteriophage

The conventional lytic phage, which is composed of DNA surrounded by a protein coat (Figure 2), follows a cycle; it starts when the phage attaches to the bacterial cell and injects its DNA. This takes over the normal replication machinery of the bacteria and results in the production of many, sometimes hundreds, of new phage protein particles. These particles pick up the replicated phage DNA; they are released, killing the host bacterial cell in the process, and are able to infect new bacterial cells. Bacteria have had to defy this attack and, quite quickly in some cases, the bacteria become resistant, often by alterations in the cell surface so that the phage cannot attach. There has been a continuous struggle between bacteria and these viruses but, as with viruses that attack humans, a balance is usually reached.

At some points in this process, there would that have a predisposition towardsQ5n  have been an inevitable exchange of genes. The new phage particles may pick up some bacterial genes along with, or rather than, new phage DNA which they can pass on to other bacterial cells on subsequent infection. Some phages can become parasitic after infection; instead of replicating and producing new phages, the DNA integrates into the bacterial DNA. In this case, the phage DNA is replicated every time the bacterial DNA is replicated and so every daughter-cell DNA carries a copy of the phage DNA. It is often kept integrated by a repressor protein encoded by the DNA itself. This is known as a lysogenic phage. If this protein is compromised by a chemical, ultraviolet light, or some other insult, then the phage DNA initiates the production of new phage particles, the DNA replicates and is incorporated into these particles, and they are released to invade other bacteria. Often, the bacterial genes, surrounding the inserted phage DNA, are incorporated into these particles and these are spread to new bacterial cells.

Bacteria and their place in the world

Bacteria are, of course, still evolving; however, if we move out of geological time and into a time frame with which we are more familiar, the role of bacteria appears more static. They currently have an important role to play within some of the biogeochemical cycles that allow other living organisms to survive; these include the carbon, nitrogen, and sulphate cycles.

Carbon is the essential element in all living matter and it has to be converted into different forms. Carbon dioxide produced by animals and as a by-product of industry would soon render the world uninhabitable; plants fix carbon dioxide but so do bacteria. These bacteria, known as autotrophs, can produce their own organic compounds using the sun’s radiation and carbon dioxide and water. They convert them to sugars by photosynthesis. These can either be used by the bacteria themselves or by other organisms. Some carbon is taken up as methane and there are methane-oxidizing bacteria that convert it to carbon dioxide. Bacteria are also primarily responsible for the removal of carbon from dead tissue and plants. On the other hand, some bacteria can use organic carbon, particularly sugars, for the production of energy with the release of carbon dioxide. So different bacterial species are on opposite sides of the cycle and the success of each will depend on the availability of the nutrients they require. If there is an increase in carbon dioxide, the photosynthetic bacteria will prosper, whereas if too much has been converted into sugar, and there is an abundance of oxygen, respiring bacteria will thrive. The burning of fossil fuels and the high quantities of carbon dioxide it produces appear to upset this balance.

Nitrogen is an important component of proteins and nucleic acids, such as DNA. Most nitrogen on Earth is available as a gaseous molecule, comprising two nitrogen atoms, in the atmosphere but this is relatively inaccessible for plants, and thus eventually ourselves. The atmospheric nitrogen has to be ‘fixed’ and this is mainly performed by bacteria that contain a nitrogenase enzyme that can break the bond between the nitrogen atoms. These atoms can be converted to an ammonium salt or nitrates, which are usable by plants. Indeed, the nitrogen-fixing bacteria are often found clustered around the roots of plants. Bacteria are used for most of the interconversions of the various forms of nitrogen. Some bacteria, such as Pseudomonas species, are even able to convert nitrite back into molecular nitrogen, which is released into the atmosphere, so equilibrium is established. This balance is upset when large quantities of nitrates are used as fertilizers and there are insufficient bacteria to convert the excess back into atmospheric molecular nitrogen, resulting in pol General comparison of endotoxin and exotoxin actionzn lution.

Sulphur is an essential component of proteins and some co-factors. Plants require sulphates but this sulphur derivative is often not readily available. Sulphur is abundant as inorganic sulphides and thiosulphates, which can be oxidized by the bacterial genus Thiobacillus to form sulphates. These can be used directly by plants and incorporated into proteins that, in turn, can become incorporated into animal proteins. On the other hand, the balance can be maintained by anaerobic bacteria, such as the genus Desulfovibrio, that are able to reduce sulphates to hydrogen sulphide, which can then be oxidized to elemental sulphur.

Bacteria and the evolution of Man

The presence of bacteria must have had a major impact on the development of all species and not just because of their capability to cause disease. It is difficult to determine how this was manifested before the Cretaceous extinction sixty-five million years ago; however, when we examine modern animals, we can see how bacteria have lived in a symbiotic relationship with other organisms. Grass did not emerge until after the Cretaceous extinction and became widespread as the Earth became drier. This provided probably the greatest worldwide food resource but many animals could not access it because grass contains fibrous celluose. Many animals, such as ourselves, are simply unable to digest it. Some animals, such as cattle, evolved a system that relied upon bacteria. Their stomachs are made up of four compartments. The grass enters the rumen, which is essentially a large fermentation chamber. There are billions of bacteria including the species Ruminococcus flavefacians, Ruminococcus albus, Bacteriodes succinogenes, Butyrivibrio fibrisolvens. These bacteria break up the fibre of grass cells. Cattle then regurgitate to grind the products with their teeth (chewing the cud) to try and break up the fibre further. The bacterial digestion of the grass releases nutrients that are, of course, used by the bacteria themselves but the excess is available to the animals as it is passed on to the abomasum, which contains acid similar to that in our own stomachs. The nutrients are further broken down and absorbed by the small intestine. Without bacteria, grass could not be a food source.

How have bacteria affected the evolution and development of Man? They clearly are not as crucial to the acquisition of nutrients from food as they are in ruminants, and the human gut can survive without them. When a child is born, the gastrointestinal tract is sterile but soon becomes colonized. The early colonizers are mainly aerobic bacteria such as Escherichia coli (E. coli) but quickly change during development. The gut of the infant has a low oxygen level and is soon colonized by anaerobic bacteria, similar to those found in the adult. It is estimated that up to 500 different species can colonize the gut, though probably only thirty are found in any significant numbers. The vast majority of these, more than 99 per cent, are anaerobes. Why are they in the gastrointestinal tract and are they important? They are often seen as commensal (not harmful) or even mutualistic (beneficial) bacteria and they do perform a number of important functions required for the evolution of the human population, which has learnt to live on a very varied diet. While we still do not possess enzymes to digest some carbohydrates, some bacteria do possess these enzymes and can convert them into short-chain fatty acids that we can utilize. It is estimated that we would need to ingest 30 per cent more food to maintain our body weight if we did not have bacteria fermenting in our gut. They can, of course, cause problems. Flatulence after eating baked beans is caused by the bacterial fermentation of specific bean s">VERY SHORT INTRODUCTIONS t0Rugars.

As a further by-product, the gut bacteria can also produce vitamins. We usually ingest these whole in our food, because we cannot make them, but some gut bacteria can produce vitamins such as vitamins K and H (biotin). The presence of large numbers of commensal bacteria in our guts also ensures that any pathogenic bacteria have a competitive disadvantage, so these bacteria go some way in protecting us against food-poisoning bacteria. The final role of these bacteria may be as stimulants to the gastric immune system, ensuring that it is primed against invasion by more pathogenic bacteria.
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3. Microbiome of the human body

Moving further along the gastrointestinal tract, bile is released into the duodenum from the gall bladder. This is alkaline, which neutralizes the stomach acid, but it is bactericidal to many bacteria. There are, however, bile-tolerant bacteria, such as Escherichia coli, that thrive in this environment (Figure 3). The large numbers of these predominantly aerobic bacteria suppress the establishment of pathogenic bacteria; for instance, they will curb Clostridium difficile (colloquially known as C. diff.) or the bacteria causing typhoid or dysentery.

There are also significant numbers of bacteria in the mouth (Figure 3). We are aware of those that cause tooth decay under certain conditions but it is not clear whether these bacteria perform a useful task or whether they are just a remnant of an earlier role that these bacteria had had in our evolutionary development. In some reptile species, such as Varanus komodoensis (Komodo dragon), the mouth bacteria contain deadly bacteria (Salmonella species), which produce toxins, sufficient to be fatal with a single bite to their victims.

The skin is the largest organ in the body, covering an area of nearly two square metres. It provides a natural barrier against bacterial infection, which, when penetrated, can cause infection either within the skin, dermatitis, or deeper within the body. We have up to 1,000 different species of bacteria able to survive on the skin (Figure 3). Most are located on the surface and in the upper areas of the hair follicles. The surface of the skin is generally acidic and has a high salt concentration, and some bacteria, such as Propionibacterium and Staphylococcus species, thrive in this environment. As in the gut, their numbers alone discourage the growth ofever is the ca


Chapter 3
Discovery

The signs for the existence of bacteria as infectious agents have always been present and these signs have been important in the survival of Man. The discovery of fire and the sterilization of food with cooking must have had a huge impact on the health of humans. Whether this was a conscious decision or not is impossible to determine. Certainly by the medieval era and probably as far back as Roman civilization, it was known that water may not be safe; so water purified by the presence of alcohol was frequently consumed. Wine, of course, was common in southern Europe and ale in the British Isles. There was also an understanding that some diseases were infectious, though there was no known cure; only a degree of prevention of infection could be obtained by increasing your distance from those showing symptoms. Members of the English court regularly left London when there was a plague epidemic as they were aware that plague could be transmitted from person to person. They were not aware, however, that the causative bacterium was more likely to be transmitted by the fleas of rats; rather that there was something in the air.

The discovery of bacteria came from Antonie van Leewenhoek. Van Leewenhoek was a Dutch trader living in late 17th-century Delft. Glass lenses had been known in ancient Assyria and they had been used in spectacles since the 13th century. Van Leewenhoek was able to make what are by modern standards crude lenses. The lenses were thick and essentially very powerful magnifying glasses, able to provide magnification of about 200-fold. With this crude tool and his exceptional eyesight, he was able to describe not only red blood cells but also single-cellular organisms including bacteria. He was also able to draw accurately what he saw. In 1683, he wrote to The Royal Society in London describing discoveries that he had been making since 1676, which included examining scrapings from teeth where he noticed that there were small individual cells that were moving; some were spinning and some moved rapidly through a water environment. He was also amazed by the vast numbers that were present. He called these ‘animalcules’; they were probably the first bacteria ever seen. Even though microscopes improved in the 18th century, there were no further significant descriptions of bacteria until the 19th century, when compound microscopes, made of more than one lens, were able to provide clearer images. More recently the electron microscope has provided clear images of bacterial cells (Figure 4).
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4. Electron micrograph of a Gram-negative bacterium

By the second half of the 19th century, the theories of Darwinian evolution had been accepted and that of spontaneous generation rejected, the latter being exemplified by the rejection of the view that maggots were spontaneously generated on a rotting piece of meat. However, the spontaneous generation theory still persisted fJournal of Antimicrobial Chemotherapyetvolutionor bacteria as it was thought that most food could spoil because it generated bacteria rather than becoming infected from outside. The French microbiologist Louis Pasteur had originally been a chemist and he exposed a broth full of nutrients to heat, known to kill bacteria. He showed that if this nutrient medium was in a glass flask with a long swan neck open to the air then it never became contaminated with bacteria (Figure 5); however, if the glass was broken the medium soon became contaminated and bacteria grew. From this he concluded that bacteria were present in the air and they were being introduced on particles of dust. The swan neck prevented the dust entering the vessel. Indeed, some of these flasks were kept for many years without becoming contaminated. This became the basis of Pasteur’s germ theory of infection.
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5. Pasteur’s swan-neck flask

Pasteur examined food and beer that had spoiled. He noticed that bad beer did not contain the large round yeast cells that had been responsible for the fermentation but rather small, rod-shaped bacteria. He concluded that these were responsible for the spoilage. Therefore, he went on to develop the technique of heating to prevent bacterial contamination of liquids by bacteria. This technique, which we now call pasteurization, raised the temperature sufficiently to ensure that the common bacteria, which were already present in these liquids and responsible for spoilage, would be killed. As this did not involve boiling, it had a lesser impact on the taste. This was not sterilization and it did not remove all bacteria but rather just prolonged the shelf life of the liquid.

Pasteur’s theory that bacteria were invading from outside caught the attention of the Scottish surgeon Joseph Lister, who believed that this could be exploited to prevent the human body from being infected by bacteria. He had originally considered that miasma (bad air) was responsible for the infection of patients during surgery. Ignaz Semmelweis, a Hungarian doctor working in Vienna, had shown the importance of washing hands in the prevention of infection. Despite this, most surgeons still did not believe that this was an essential precaution. Lister read Pasteur’s findings about the germ theory of infection. He tried to find a chemical that would kill bacteria and experimented with carbolic acid, which contained phenol. The dipping of instruments in carbolic acid prior to surgery radically reduced post-operation infection, and the swabbing of wounds with carbolic acid also reduced the incidence of gangrene. Lister was also adamant that his staff wash their hands between operations; he took Semmelweis’s instructions further and insisted this was done using 5 per cent carbolic acid.

The germ theory of bacteria was, by the 1870s, well established and bacteria were seen as major causes of disease. Pasteur demonstrated that gangrene, an infection of dying tissue, occurred in the absence of oxygen and he was one of the first to show that there were anaerobic bacteria as well as those that require oxygen. Pasteur had also been interested in vaccines and he had found that bacteria he had cultured in the laboratory, when injected often did not cause infection in laboratory animals. Furthermore, when he did subsequently inject animals with fresh bacteria, he found that the animals were, in some way, protected. We now call these cultured bacteria ‘attenuated’ or ‘non-virulent’, and Pasteur called the process of pre-injection of attenuated bacteria for subsequent protection ‘vaccination’. He used a symbiotic relationship/ further this term in honour of Edward Jenner’s immunization against smallpox with the structurally related cowpox virus. Pasteur’s innovation was to use the same bacterium for immunization as that which causes the disease.

The German scientist Robert Koch first met Pasteur in London in August 1881 following joint invitations from Lister. Their opinions on the germ theory often differed; in particular, Koch was sceptical about Pasteur’s ability to attenuate bacteria to render them suitable for vaccination. He believed that the properties of bacteria were permanent and disavowed Pasteur’s proposal that variations in a bacterium’s virulence could explain why epidemics could occur, as the virulence of the bacterium temporarily increased. Koch’s major contributions were to explore the role of individual bacteria as the sole cause of specific diseases. He developed techniques for isolating individual bacteria, particularly by the use of agar, a substance derived from seaweed that solidified media, thus producing a nutrient matrix on which individual bacterial cells could form discrete colonies. The circular glass trays which he used, Petri dishes, were named after his assistant. This was an enormous step forward and allowed the isolation of individual bacterial species. He and his team were able to isolate the various bacteria that caused diphtheria, typhoid, pneumonia, gonorrhoea, meningitis, leprosy, bubonic plague, and tetanus.

Koch’s most important discoveries were the bacteria responsible for anthrax and tuberculosis. With the former, he was able to show that the anthrax bacillus was able to transfer from animal to animal. He noticed, however, that it did not survive long outside the animal and instead formed spores. This discovery contradicted his own theory on the permanent properties of bacteria for which he had argued so vehemently with Pasteur. He found spores to be metabolically inactive and that they could survive for long periods in soil, changing into active virulent bacteria on entering a new host. His techniques for bacterial isolation also identified the bacterium responsible for the tuberculosis, Mycobacterium tuberculosis. This was a major medical discovery as tuberculosis was responsible for more than 10 per cent of premature deaths at the time.

By the end of Koch’s research career at the start of the 20th century, many of the major bacterial species responsible for infection had been identified. Although bacteria were clearly involved in the process of disease, it had not been clear whether they were solely responsible. Koch’s isolation techniques allowed him to prepare pure cultures of bacteria, so he devised criteria to determine whether an individual bacterial species was the cause of an infection. These were known as Koch’s Postulates. Originally they were:

1. The bacteria could be isolated from the animal suffering from the disease.

2. The bacteria could be cultured in the laboratory.

3. When the cultured bacteria were introduced in another animal, they should cause the same disease.

4. The same bacteria can be re-isolated from the second infected animal and shown to be identical to original bacteria.

If these postulates could be followed, it would be possible to state that the individual bacterium was the cause of the disease and the disease was infectious.

Koch’s postulates are still used today but they have often had to be modified, particularly the first postulate, as many bacteria can just be carried by the first hosts, who become asymptomatic carriers, rather than causing an infection. An example of this may b Diagram showing the structure of a biofilm80Re the bacteria that cause cholera, Vibrio cholerae, or dysentery, Shigella dysenteriae. In these cases, the first postulate has to be abandoned. Furthermore, the introduction of pure bacterial cultures did not always precipitate disease in test animals, not least for the fact that the ability of a bacterium to cause disease is strongly influenced by the immune status of the new host. As we shall see later, a new generation of bacteria, now known to cause disease but only in immunocompromised patients, cannot be identified by Koch’s postulates.

Causative bacteria were found for a number of different infections including Streptococcus pneumoniae for pneumonia by Leo Escolar in 1881 and Haemophilus influenzae for bronchitis by Richard Pfeiffer in 1892. The latter had been discovered during an influenza outbreak and was thought to be the causative organism of influenza. Koch’s postulates could not demonstrate this and it was subsequently found that both these respiratory pathogens were actually opportunistic, in that they only caused disease in patients whose immune system was already compromised by another infection, for example by the influenza virus, or another underlying disease affecting the immune system.

Escherichia coli was one of the most important bacterial species identified at the time. Discovered in 1885, it was named after its discoverer, Theodor Escherich. Its importance has been not only because it is a pathogen, which can cause a variety of different symptoms, nor because it is one of the most important bacteria commonly found in the human gut, but rather because it has become the main scientific tool for studying bacterial structure, genetics, and virulence.

The list of bacterial discoveries is vast. We know that bacteria can survive and have been discovered in virtually every environment on Earth. They can also survive in the extremes of temperature, pressure, and acidity in the environment. The ability to survive extreme acid conditions is not confined to environmental bacteria. Gastric ulcers were suspected as the reason why Napoleon Bonaparte kept his hand within his coat, in order to relieve the pain, and their presence was confirmed by a post-mortem after his death. In his case, the ulcers had led to a malignant tumour. The cause of ulcers was suspected to result from stress or eating spicy food but it was not until 1982, when Robin Warren and Barry Marshall of the University of Western Australia identified a small, helical bacterium, that these factors were no longer associated with ulcer formation. Warren and Marshall isolated the bacterium Helicobacter pylori. It had previously been believed that no bacterium could live in the stomach, though there had been some pathological evidence showing these bacteria in gastric biopsies since the late 19th century. Warren tested their hypothesis by drinking a culture of Helicobacter pylori. Within five days, he developed the symptoms of gastritis, which he eventually eradicated with a course of antibiotics. This was a hugely important discovery not only because it identified a new species of bacteria but also because ulcers were finally able to be treated not just with histamine H2-receptor antagonists (such as ranitidine), the conventional treatment to relieve the symptoms, but also with antibiotics to remove the cause. Because of its predisposition to cause ulcers and the subsequent risk that this damage may lead to malignancy, Helicobacter pylori has been identified as a possible carcinogen which should be eradicated.

Other, previously unidentified, bacteria were identified in the final quarter of the 20th century. Closely related to Helicobacter pylori) catalysing ATP-dependent  t0R are the bacteria of the genus Campylobacter. Suspicions that an organism such as this existed were originally expressed by Escherich in 1886 where he saw spiral-shaped bacteria in stools of children with diarrhoea. Similar observations were made until this organism was first isolated in the 1972 by Dekeyser and Butzler, who examined the faeces of a young woman who had severe symptoms of diarrhoea and fever. This prompted a search to find this organism in the faeces of other patients with severe diarrhoea. This organism was found to be responsible in the cases of about 5 per cent of children with severe diarrhoeal symptoms. Two species were subsequently identified, Campylobacter jejunii and Campylobacter coli. Campylobacter jejunii was subsequently found to have the ability to become invasive (rarely it could spread through the body and was not just confined to infection of the gastrointestinal tract). By the 1980s, Campylobacter jejunii infections had become well recognized and were shown to be the major cause of bacterial enterocolitis.

Gastrointestinal bacteria have not been the only recent bacterial identifications. In July 1976, there was a convention of the American Legion at the Bellevue Hotel in Philadelphia. They had gathered to celebrate the bicentenary of the signing of the American Declaration of Independence. A large number of the veterans subsequently fell ill with pneumonia symptoms; over 200 were given medical treatment and thirty-four died from this unknown disease. These were reported first to the Pennsylvania Department of Health and the outbreak was then referred to the Center for Diseases Control and Prevention (CDC) in Atlanta. They considered that the environment of the hotel might be the cause rather than human-to-human spread as there was no subsequent infection away from the hotel. Furthermore, some pedestrians walking past the hotel also became ill. Still no cause could be found. The lungs of patients who had died of the mysterious disease were examined and nothing could be found except some rod-shaped bacteria that were ignored at the time. With all subsequent investigations proving fruitless, Joseph McDade at CDC decided to re-examine these rod-shaped bacteria. He produced a serological test for this organism and found that the blood of all the sufferers had antibodies to this bacterium. This was a previously completely unknown organism and was named Legionella pneumophila. It was living in the water-cooling part of the hotel’s air conditioning system and was thus spread throughout the hotel. The disease has been called Legionnaire’s Disease.

Legionnaire’s Disease is an example of environmental bacteria that have previously had no major contact with Man, which is probably why we were unaware of them. However, when we alter the environment in which we live, we can change it sufficiently to allow previously harmless bacteria to prosper. Legionella pneumophila is a widely distributed bacterium that lives in water all over the world, especially in temperatures above 25°C. It is completely harmless unless it has access to lungs. This did not happen until we sprayed or atomized water. Thus Legionnaire’s Disease is solely a product of modern living. Of course, many regulations have been introduced to reduce its impact but outbreaks still occur and approximately 500 people become infected every year in England and Wales.

The isolation of new bacteria as a result of changing lifestyles is becoming more common. There has been increasing concern about Escherichia coli or E. coli. As we have seen, these bacteria are regular residents of our gastrointestinal tract. However, there are many types of this organism, some of which lead to some s that have a predisposition towards iHerious symptoms. It is the most common cause of traveller’s diarrhoea, but this usually resolves within a couple of days. Our vulnerability to this is just that our immune systems have not experienced a particular localized strain of this bacterium before, whereas the local population have become resistant to it. More serious is the emergence of new strains of E. coli, which were previously unknown. The most notorious of these is E. coli O157:H7. The number refers to it serotype and it is often abbreviated to E. coli O157. Its importance lies in its capability to cause very severe haemorrhagic diarrhoea, which can result in kidney failure. Rarely these bacteria can be spread from person to person but usually outbreaks result from contaminated meat or vegetables. It was first isolated in a single patient in 1975 but it was first shown to cause an outbreak in 1982, caused by the ingestion of contaminated hamburgers. Most gastrointestinal bacteria are spread by the faecal–oral route, and E. coli O157:H7 is no exception except that the bacteria originate predominantly from the faeces of cattle. Without causing the animal any symptoms, E. coli O157:H7 reside in the rectum of cattle, probably within the majority of herds in the United Kingdom. The reason why they should reside there now and did not in the past is unclear but is probably related to changes in animal husbandry. We know that cattle have, since the Second World War, been fed a variety of experimental diets; the Mad Cow Disease (BSE) outbreak was a result of this. Something we have changed appears to have influenced the microenvironment within the rectum. Cattle continue to shed these bacteria in the faeces and the meat obtained from them becomes contaminated. Only a few E. coli O157:H7 strain types appear to be virulent to humans. In these cases, if the meat is contaminated, while it is uncooked it can pass the bacteria to other food products particularly during preparation. Interestingly meat that has not been minced is less likely to caed to their cu


Chapter 8
The future

The past history of bacteria has been difficult enough to uncover, let alone making valid predictions for the future.

The benefits of research into the molecular biology of bacteria

The genomic sequencing of bacteria is still in its infancy when we consider the vast number of species of bacteria on the planet. It has given us knowledge of the genes that many bacteria species require not only to survive but to progress into new niches. The more genomic sequences of each species that are completed, the more comprehensive a map of their evolution can be obtained. We have, however, less knowledge on how these genes are controlled and what stimulates them to switch on. This is crucial information because it may allow the control of pathogenic bacteria infections with drugs other than the conventional antibiotics that are used today. For instance, if the stimulus to the gene that makes a bacterium pathogenic can be inhibited, then it may be restrained without the need to kill it. This will, however, require very detailed molecular analysis.

A constraint to the successful management of patients has been the speed at which diagnostic laboratories can identify a pathogen and its antibiotic susceptibility. Currently it takes one or two days, during which time the patient has already been given therapy, which may be altered subsequently according to the test results. Molecular biological techniques are much faster and can, in theory, provide a result within an hour or two, which is within the prescribing time frame. Whereas it is now straightforward and fairly rapid to identify the pathogen by these techniques, the current constraint is the ability to translate current molecular information into predicting individual bacterial susceptibility and likely clinical success. Future extensive genomic analysis should ultimately deliver this, though when is less certain.

Bacteria as a cause of disease

In the past thirty years, there">Klebsiella pneumoniaeicadditional target  have been a number of spectacular and important discoveries where bacteria have been found to be the cause of disease. Helicobacter pylori and Legionella pneumophila, both discussed above, are two examples of where a bacterial vector of disease was unknown and unpredicted. This begs the question as to how many more bacteria, of which we currently have no knowledge, can cause disease. We have to some extent been limited by the technology we have available and this is increasingly based on molecular techniques. These are usually based on employing DNA, which will recognize known sequences; however, if the sequences have never been described before, no DNA-based technique will identify them. Therefore, it may become increasingly difficult to find new pathogens.

There are suggestions, currently without extensive proof, that bacteria play an important role in heart disease. This has been coupled with concerns that poor oral hygiene could lead to cardiovascular disease as the mouth bacteria spread into the rest of the body. These are still areas of speculation but it has been reported that Chlamydia pneumoniae is probably associated with heart disease as it has a coat protein that mimics a protein found in the heart muscle of mammals. The epidemiological evidence is compelling as both Chlamydia pneumoniae and heart disease are common in humans, but is it really cause and effect? There are clearly going to be many more questions such as this in the future.

Apparently, the greatest fear is whether a new pathogen will emerge that will have as devastating an effect as the Black Death. We have recently had scares with AIDS, SARS, and avian flu, albeit these are mainly caused by viruses. The circumstances are not the same as they were in the 6th, 14th, or 17th centuries. Our environment is cleaner, our dwellings are more self-contained, and our lives are spent in less close proximity with our neighbours than they were even before the Second World War. The spread of Spanish flu after the First World War, however, suggests that if there is widespread movement of people, an epidemic could occur. A pandemic bacterium would almost certainly have to be respiratory as other methods of transmission are largely contained with modern food production, effective sewage disposal, etc. This would mean that it would manifest itself within the cities first and then perhaps along the transport routes by rail and by air. The SARS outbreak showed how the governments of the world can react quickly once an outbreak is detected, so the chances of a major bacterial pandemic decimating the population in a vigilant society are small.

The emergence and widespread carriage of E. coli O157:H7 in cattle or Aeromonas salmonicida causing furunculosis in farmed salmon shows that when we make some change, often quite small, to an environment, it can cause some major changes in the bacteria that emerge. E. coli O157:H7 was unknown before farming practices changed after the Second World War. Its emergence probably results from changes in foodstuffs fed to these animals. Furunculosis does occur in wild salmon but it is rare; its emergence in farmed salmon is due entirely to the concentration of fish. Indeed, many of the new diseases in food-producing animals are related to the concentration of animals promoting spread.

If the risks from bacteria in the future are not from new, hitherto unknown, pathogens but rather confined to other animals and perhaps the environment, where are the threats? As stated earlier, we are rapidly running out of antibiotics to deal with the infections that we currently face. This threat is particularly acute with infections caused by Gram-negative bacteria. There is little likelihood ensure that the a t0R of new antibiotics filling this niche in the near future, despite innumerable initiatives by governments and other grant-awarding bodies to search for new drugs. In fact, there are actually many compounds that kill bacteria but most of them are not selective and are too toxic for human systemic use. The task is not to find a new drug but rather to find one that is safe—and that is proving almost impossible.

Bacteria within the modern world

At some point in time, hopefully not until the distant future, this planet is likely to become uninhabitable for human life and perhaps also for all vertebrates. The organisms most likely to survive are bacteria. They are the most flexible organisms and evolve at a rate that will allow rapid adaptation to even more rapid changes in the environment. In the shorter term, bacteria have to survive within the modern world. The speed at which new bacteria are emerging suggests that we are still ignorant of most of the bacterial species on the planet. In the past thirty years huge numbers of new bacterial species have been identified. This has been partly because we are better able to identify and distinguish unique bacterial species, largely because we are able to analyse their DNA; however, it has also resulted from our ability to explore new environments that were previously inaccessible. A notable example is Halomonas titanicae, a bacterium found in the rusticles of the wreck of RMS Titanic, 3,800 metres below the surface of the Atlantic ocean. However, these bacteria do not operate alone and the formation of rusticles requires a consortium of other, often unknown, bacteria. If these bacteria thrive on iron, how do they normally survive at those depths in the absence of a wreck? We surely do not know.

Probably the most unlikely place to find bacteria are in volcano vents and acid springs, mainly Archaea and Beggiatoa, which can thrive in mud volcanoes. These environments, highly toxic to almost all animals and plants, have provided a niche for bacteria. These bacteria do not have the traditional requirements for carbon or even sunlight; they can survive on sulphur and hydrogen. One organism, Sulfolobus solfataricus, can thrive in temperatures as high as 88°C and in very acidic conditions. They can also survive in the volcanic vents deep under the sea.

Bacteria have been found in both the Arctic and Antarctic. About 7 per cent of the Earth’s surface is covered in sea ice, and bacteria are one of the many micororganisms able to live and reproduce in it. There are four main phylogenetic groups of bacteria: the proteobacteria, the Cytophaga-Flavobacterium-Bacteroides (CFB) group, and what are known as the high and low mol per cent Gram-positive bacteria (high and low referring to the proportion of guanine and cytosine residues in their DNA); however, many novel groups are continuously being discovered, including Polaromonas and Polaribacter. Interestingly there are closely related psychrophilic or cryophilic (cold-loving) bacteria in Arctic and Antarctic sea ice, which raises the question as to how they were able to pass and survive through the tropics. The most likely explanation is that they passed between the two during one of the ice ages. The Antarctic is considerably colder as the ice rests above a huge landmass. Bacteria have been found in ice taken from the South Pole itself, a remarkable achievement of survival as they have to contend with temperatures as low as −89°C and an altitude on the ice shelf of 2,800 metres.

Many of the polar bacteria may be found as spores that could survive for up to a million years, longer than most ice ages, thus allowing bacteria from one interglacial period to thrive in the next. The Microbiome of the human body80R bacteria would not necessarily have to be spores that survive; a study of ice from Ellesmere Island in the high Canadian Arctic revealed large numbers of bacteria within the glaciers, some of them at least 2,000 years old. Many of these bacteria, however, have been in ‘suspended animation’, awaiting a change in climate. Recent innovations allow deep penetration into the Antarctic ice. A pool containing unfrozen water at −10°C with a high saline concentration was found beneath 500 metres of ice in the Taylor glacier. The bacterium Thiomicrospira arctica was one of seventeen new types living in the pool. Although similar to some marine bacteria, these bacteria have managed to survive in the absence of either oxygen or sunlight that might have allowed photosynthesis. They managed to respire with the iron that is in the rock under the pool and appear to have survived on other living organisms cohabiting in the pool. Bacteria such as these can give an understanding of how bacteria survived the ice ages and suggest that they could survive on other planets and moons in the solar system.

Will we find new bacterial species on other planets? That is not really possible to answer at the moment. The seeking of ancient waterways and the gathering of soil samples on the surface of the planet Mars led to speculation that the planet may have had sufficient water (the prerequisite for life as we understand it) at some point. Furthermore, the discovery that there may have been bacteria-like structures, which have been given the name Gillevinia strata, further supported this view. However, this evidence remains inconclusive. The ALH84001 meteorite was expelled from Mars seventeen million years ago and fell onto Antarctica 11,000 years ago. Electron microscopy of the meteorite reveals some bacteria-like structures, but it is unclear whether these come from the meteor or from extended exposure to the Antarctic environment. The Shergotty meteorite, also originating from Mars, was collected in India almost immediately after it fell and examination showed that there is evidence of microbial biofilms. There is currently no firm evidence identifying bacteria on the surface of Mars itself but it is known that bacteria from the Earth have survived for some years on the surface of the Moon but no indigenous bacteria from the Moon have been identified. So it is possible for bacteria to survive outside the confines of Earth, and it is extremely likely that they do exist somewhere.

With this wealth of bacterial species, it is likely that some of them will come into direct competition with Man. The iron-devouring bacteria certainly can cause significant damage to structures such as oil rigs and bridges but their effects have been relatively slow and they are unlikely to cause us major concern. Bacteria able to consume and detoxify oil, particularly after spillages, could be particularly welcome. After the Deepwater Horizon oil spill in April 2010, an estimated 800 million litres of oil was released into the Gulf of Mexico. Approximately 25 per cent was burned or skimmed off the sea surface, leaving a vast quantity of hydrocarbons. These were quickly digested by marine bacteria such as Alcanivorax borkumensis. This resulted in a bacterial bloom. There was wide use of chemical dispersants, often mistakenly believed to break the oil up so it drops to the ocean floor; indeed, their main role is to break up the oil so that the bacteria can use the hydrocarbons. It was estimated that these bacteria removed over 50 per cent of the available oil. Bacteria need more than the carbon source of the oil; they require nitrogen and phosphorous and there simply was insufficient for the bacteria to remove the rest of the oil. These nutrients are usually supplied in the ocean by fluvial deposits. As time progresses, sufficient quantities of these Microbiome of the human body80R nutrients will enter the ocean to remove all but the largest chain hydrocarbons.

There is increased interest in using bacteria such as these for boosting the yield of hydrocarbons from traditional oil wells. It is usually possible to extract 20–50 per cent of the hydrocarbons from a conventional oil well. The pressure drops and it becomes more difficult to extract the oil. Techniques such as pumping in steam or carbon dioxide under pressure have been used to increase the amount extracted. These are expensive and inefficient. In some cases, the oil deposits have been degraded by microbial action, particularly on a water–oil interface. The product has been methane and carbon dioxide. Methane is the primary constituent of natural gas and it has been proposed that bacteria should be used to convert these hydrocarbons into this convenient, easily extracted energy source. The Canadian government is funding a large project to identify and map the genes of the bacteria capable of turning oil into methane. This technology is now being targeted on previously exhausted coal mines.

Genetically modified bacteria

Forty years ago, it became possible to excise genes out of bacterial cells and splice them into other bacteria. With the appropriate genetic control machinery in place, it was then possible for these ‘spliced’ genes to be expressed and to confer the characteristic they carried on their new host bacterium. In essence many of these early experiments were similar to the genetic manipulations that were occurring naturally as bacteria transferred DNA in the form of plasmids from one cell to another. The technique became more sophisticated as the genes were specifically excised by restriction enzymes and spliced not into known clinical plasmids but rather into small, artificially created plasmids. These tended to be small (up to 10,000 nucleotides long) and were thus too small either to be self-transferable or to be controllable by the bacterial cell itself. These small genetically constructed plasmids were transformed into their new bacteria hosts; in other words, the DNA itself was inserted into the cell either by making the cell competent (amenable to the uptake of naked DNA) or by electroporation where the DNA inserts through holes generated by a short electric shock. The consequence of the lack of control was that, once inside, the plasmid DNA was able to replicate until there might be more than 200 copies per cell. This meant that there was much more DNA that could be transcribed and translated into protein, so the yield of the protein could be boosted 20-fold or more.

There was no theoretical limit to the genes that could be inserted into this type of plasmid; they did not necessarily have to come from other bacteria but could come from viruses, plants, animals, or even ourselves. This raised huge concerns with accusations that scientists were playing God and that the consequences of a rogue gene in the wrong bacterium could have devastating biological consequences for ourselves and the planet as a whole. A moratorium was called and rigid restrictions imposed on the type of experiments that can be performed. Nowadays, these types of genetic manipulations are under strict control; a risk assessment has to be made outlining what the potential threats are if these bacteria were to escape into the community. Unfortunately, individual countries interpret this differently and some have allowed the creation of some bacteria with potentially hazardous genes, with few or any containment restrictions.

On the positive side, there are many benefits to genetically engineered genes. An often cited example is the movement away from the use of animal-derived insulin for injection by diabetic patients. This had been the method of insulin production since the early 1920s but often clustered together that et it was expensive and required significant purification. The further drawback was that animal insulins are not exactly the same as human ones. In the 1980s, the gene encoding human insulin was cloned into a plasmid, which was inserted into an E. coli strain. Culturing the bacterium in large quantities enabled high yields of insulin, which was then purified for medical use. Genetically engineered insulin now accounts for the vast majority of insulin currently used but there are concerns that the purification of the protein from the E. coli can allow some transfer of bacterial debris and may cause problems with allergy. Perhaps a greater concern is whether genetically engineered insulin, which is generated from the same DNA, is actually the same as natural human insulin. The three-dimensional structure of a protein is dependent on the structure of its amino acids (and thus of the DNA itself) and its environment, dependent on solute concentrations, temperature, and pH. The two chains of insulin are generated in bacteria and they have come from a completely different environment from that produced in animals. They are mixed to form the final molecule but it is argued that this is not identical in shape to insulin produced in animals and cannot perform the same tasks as efficiently.

This technology has been taken further where the genes encoding the human growth hormone have been inserted into bacteria and harvested directly. The previous alternative for a single dose was to extract this hormone from the pituitary glands of fifty deceased individuals. The production of Tissue Plasminogen Activator, which dissolves blood clots, has now been taken over by bacterial genetic engineering. An added advantage is that as the proteins are not produced in humans, they will not be contaminated with human viruses. This became critical when blood products were found to be contaminated with Human Immunodeficiency Virus, HIV, and many haemophiliacs became infected using contaminated factor VIII. Factor VIII is also now made by recombinant technology but in mice rather than bacteria.

The traditional use of vaccines, particularly against viral infections, is to administer either an attenuated strain that does not cause severe infection or a strain that is effectively dead and incapable of causing infection. Both rely on the fact that part of the whole virus particle is recognized as ‘foreign’, which becomes a target for the immune system and allows the memory T and B cells to generate specific antibodies. Both types of vaccine have disadvantages; the first is that a live virus is being administered, albeit presumed benign; the second is that a dead virus is being administered, usually at a much higher concentration, which can cause its own problems. It is argued that a much safer manufacture of vaccines would be to identify the epitopes of the virus that are the targets for the immune system and insert the DNA encoding their genes into the plasmids of bacteria. These are then cultured and the relevant epitopes (usually proteins) are harvested and comprise the vaccine. This was initially developed for Hepatitis B vaccine where the gene for the virus surface antigen, HBsAg, is cloned into a plasmid which is inserted into E. coli. The use of the harvested HBsAg itself, rather than the whole virus, provides a safe and effective vaccine.

An alternative, if seeking to produce a vaccine for a bacterial infection, is to genetically engineer the components of the bacterium. This has proved particularly successful with Streptococcus pneumoniae, which we have already seen has a protective capsule; however, there are many variants of this pathogen that can cause a variety of diseases, so a genetically engineered preparation has been made to cover the main variants.  Timescale of bacteria emergencezn In one preparation, Prevenar 13, the capsule sugars from thirteen variants (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F) are cultured separately, extracted, and conjugated onto a non-toxic protein carrier, CRM197 from Corynbacterium diptheriae. This type of vaccination has been successful, which is encouraging as conventional vaccines against bacteria have often been less successful than those against viruses.

The use of recombinant DNA is not restricted to medical preparations. There are bacteria, for example Bacillus thuringiensis, that penetrate corn roots and they have been used to insert a gene that produces an insect-killing toxin, thus making corn plants resistant to detrimental insects. The genetic manipulation of the genes within Pseudomonas syringae has lowered the temperature at which water freezes around them. As these bacteria adhere to plants, the presence of these modified bacteria can prevent frost damage around the roots of some plants.

Synthetic bacteria

The logical progression from genetically modified bacteria would be the creation of a completely synthetic bacterium. It is possible to create genes in a nucleotide synthesizer and splice them together to form a genome. If this is inserted into a bacterial cell, which has had its DNA removed, the bacterium takes the 
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EPIDEMIOLOGY

A Very Short Introduction

Rodolfo Saracci

dent" aid="K0RQ5">Epidemiology has had an impact on many areas of medicine; from discovering the relationship between tobacco s Timescale of bacteria emergencearetmoking and lung cancer, to the origin and spread of new epidemics. However, it is often poorly understood, largely due to misrepresentations in the media. In this Very Short Introduction Rodolfo Saracci dispels some of the myths surrounding the study of epidemiology. He provides a general explanation of the principles behind clinical trials, and explains the nature of basic statistics concerning disease. He also looks at the ethical and political issues related to obtaining and using information concerning patients, and trials involving placebos.
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