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FOREWORD


Whether we like it not, we all have trillions and trillions of bacteria living in or on our bodies. Actually, we should like it: these inhabitants do us a lot of good, with our lives being impossible without them. So, while humans may be the ultimate ‘hotel’, our guests make a really positive contribution to well-being. I have been researching human gut bacteria for 30 years now, never dreaming that this topic would become as popular and widely studied as it is today. Indeed, the general recognition that not all bacteria are bad is in itself a major achievement.


Many articles claim that the human microbiome is a new and emerging research area. For obvious reasons, I cannot agree with this; however, the field has never been so important or better understood, nor has it ever offered such potential for future scientific progress. Several microbiomes are associated with our bodies, and their contribution to health and disease is undoubted. The really good news is that each of these ecosystems is amenable to change that can help improve interactions with the host (that’s you). This is a crucial way to improve our health. The number of issues that can be tackled is truly startling. Gastroenteritis, ulcerative colitis, Crohn’s disease, obesity, autism, certain cancers, anxiety, depression, metabolic syndrome, diabetes, coronary heart disease, tooth decay, acne, eczema, asthma, recurrent thrush, urogenital infections, irritable bowel syndrome and antibiotic-associated diarrhoea are all on the research agenda – and even that is not an exhaustive list.


Interventions are constantly being researched, tested and produced to improve the human microbiota composition, and thereby health status. In many cases this involves ‘germ warfare’ in its simplest sense: pathogenic microbes involved in the onset and/or maintenance of a disorder being subverted or inhibited by fortifying a more beneficial community. Fortunately, our microbiome (unlike our genetics) is flexible and can be changed. To this end, probiotics, prebiotics and synbiotics are all popular. Robust and confirmed products offer zero to negligible risk – an almost unique selling point in terms of therapeutic intervention. The efficacy and application of these products has been propelled by a much-improved understanding of the microbiome community. This was a direct result of the ‘molecular revolution’ in the late 1990s, which provided reliable and efficient tools for monitoring human microbiota.


Nearly two decades later, we are in a similar phase with the ‘metabolic revolution’. Today, our far greater understanding of microbiome functionality is being coupled with trials that assess not only microbial composition but also health biomarkers, patients’ symptoms and reduced disease risk. Many 21st-century ailments will undergo far better management than has hitherto been the case. This may be achieved through interventions that are safe, user-friendly and reliable. These are extremely exciting times.


This brings me to Meet Your Bacteria. It is now imperative that consumers, healthcare workers, product manufacturers and other interested communities are given an understandable yet scientifically accurate assessment of the current state of the art, or indeed of the science, its current research and findings. This excellent book for the general reader should help to stimulate interest and propel their use and application. Now is the time to push forward with approaches that will help many people, and have an impact on us all. Meet Your Bacteria makes a significant contribution towards pulling the relevant disciplines together, necessary to appreciate the full potential of these microbial inhabitants. I hope you enjoy reading this terrific study of what is arguably the most important health and medical challenge of modern times.


Professor Glenn Gibson
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CHAPTER ONE



WHAT HAVE BACTERIA EVER DONE FOR US?


Bacteria affect every aspect of our lives on a daily basis. The bacteria that live in and on your body help you to digest food, protect you from harmful microbes and even contribute to your mental well-being. However, less friendly bacteria can also cause a variety of illnesses from sore throats to serious, even life-threatening diseases. It is bacteria that help to ripen flavourful cheeses, ferment cocoa and convert sugars into alcohol – but they can also cause foods to decay and give us food poisoning.


On a much broader scale, bacteria help to decompose organic matter, working like an efficient recycling centre to break down material and return nutrients back into the earth. They also turn carbon and nitrogen in the atmosphere into forms that plants and animals can use. Quite simply, we wouldn’t be here if it weren’t for bacteria. This chapter explores these amazing organisms, from what they are and what they look like to how they interact with us as their hosts.
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Lactobacillus bacteria.





INTRODUCING YOUR GUESTS


Your body is home to trillions of microorganisms, or microbes: living organisms too small for us to see without a microscope. Most of them are bacteria and each one is a single cell, the smallest unit of life.
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There are enough bacteria living on the average person to fill a can of soup. The number of bacterial cells on our bodies may outnumber our human cells by 3:1 (estimates actually range from 10:1 to 1:1). But bacteria are not the only microorganisms to call your body home. Other microbes – such as archaea, protozoa, viruses and fungi – live there too. This community of microbes is called your ‘microbiome’, and it is unique to every individual.





HOW MANY?


Your body is made of about 30 trillion human cells, but the cells of all the organisms that make up your microbiome are far more numerous. Your mouth is home to around 500 different species of bacteria alone, while an estimated 100 trillion bacteria live in your gut.


WHAT DO MICROBES DO?


Microbes infamously cause diseases – and we refer to these less pleasant microbes as germs. Viruses, the smallest and simplest of the microorganisms, cause illnesses such as the common cold and flu. Bacteria cause infections, for example strep throat and tuberculosis. Athlete’s foot and candidiasis (thrush) are among the common fungal infections, while protozoan infections include malaria and giardiasis. To avoid these germs, many people try to keep themselves and their environments as clean and germ-free as possible. However, only a tiny fraction of the microorganisms that live on and inside you are actually harmful. Most members of your microbial community are either completely benign or actively beneficial.


For example, some bacteria help to train and maintain your immune system; others manufacture vitamins or supply other vital nutrients; while yet others proliferate harmlessly, preventing more harmful species from becoming established simply by crowding them out physically. So it is essential to maintain a healthy, balanced microbiome. The over-prescription of antibiotics, the use of hand sanitizers and the decrease in time spent outside in ‘dirty’ environments are all aspects of our modern world that have contributed to dramatic changes in the microbes that colonize human beings. These changes have been implicated in the global rise of autoimmune disorders, such as eczema and Crohn’s disease, as well as obesity, cancer and depression. The message is, we mess with our microbiome at our peril.




GET TO KNOW YOUR GROUPINGS


The following terms are frequently used to refer to different groups of the microorganisms living in and on your body:


Bacterium:


the singular form of bacteria, referring to a single cell
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Colony:


a group of genetically identical bacteria, known as clones
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Community:


microorganisms that belong to different species but live together in the same place
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Population:



microorganisms that belong to the same species and live together in the same place, but are genetically different
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Microbiome:


all the microorganisms, with their combined genome, that exist in a particular environment
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MICROBES ON THE EVOLUTIONARY TREE


Your microbiome consists of microorganisms from many different branches of the evolutionary tree that scientists use to understand relationships between all living organisms. Despite coming from diverse and distantly related groups, these microbes have all found ways to survive and thrive in the different habitats your body provides.
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All living organisms are divided into the most basic groups of prokaryotes or eukaryotes. The division is based on whether their cells have a nucleus (eukaryotes) or do not (prokaryotes).








The first organisms on Earth were prokaryotes. They appeared roughly 4 billion years ago and are the ancestors of all living things. Their cell structure is very simple, with no nucleus nor any membrane-bound compartments. In other cells these compartments, known as organelles, keep all the enzymes, proteins and other compounds needed to carry out specific functions in the cell in one place. A bacterium, which has no organelles, keeps everything it needs distributed throughout the cell – about as efficient as keeping spices all over the house rather than together in a spice rack. However, this lack of efficiency has not prevented prokaryotes from thriving in every habitat on Earth, including the human body.


ARCHAEA, NOT BACTERIA


Scientists originally thought that all prokaryotes were bacteria, noting that some seemed to have an affinity for extreme habitats, such as hot springs and salt lakes. Closer investigation revealed that some of these extreme ‘bacteria’ had features that were quite distinct; they were, in fact, more similar to eukaryotes. So in 1977 these organisms were moved into their own group of single-celled prokaryotes, known as archaea. Not all archaea live in extreme habitats: they are found in the ocean and soil, for example, as well as in the human body. There are as yet no known disease-causing archaea, but scientists have only recently started to study these members of the human microbiome.


PROTOZOA AND FUNGI


These organisms are both found in the human microbiome and are eukaryotes, containing a nucleus and other organelles. Protozoa are single-celled organisms and many of them are parasitic, making their role in a healthy human microbiome still unclear. The microscopic fungi that we host are usually multi-cellular; nobody is fungus-free, but fungi are found in far fewer numbers than bacteria. For this reason we will now concentrate on the most abundant and diverse of your guests ... bacteria.




Where are viruses?


Viruses do not fit very neatly under the existing classification system: whether they are living organisms or not is still under debate. Scientists have placed them in their own classification system while investigations continue.


Viruses contain genetic material and evolve, but they don’t have a cellular structure and need a host to reproduce.


[image: image]









IDENTIFYING YOUR GUESTS


Although bacteria are relatively simple organisms, usually no more than a few micrometres (a few millionths of a metre or inch) in length, they come in a variety of shapes and sizes, and group together in several different ways. Scientists use these obvious physical features to identify and classify bacteria.


STANDARD FEATURES


DNA: A singular circular chromosome, tangled within the cell, which contains all the genes this cell needs to live.


Cell membrane: A semi-permeable membrane that separates the interior of the cell from the exterior.


Cell wall: The rigid outer layer of the cell. It not only provides physical support, but also protects the cell from damage


Cytoplasm: The interior environment of the cell.


Ribosome: The site where proteins are assembled from the genetic code.


OPTIONAL FEATURES


Plasmids: Small circular molecules of DNA that bacteria pick up from the environment, viruses or other bacteria. These small packets of extra DNA can really improve the cell’s performance, particularly when they contain genes for antibiotic resistance or rapid growth.


Flagella: Whip-like tails made of protein, used by some species for enhanced mobility.


Capsule: Sometimes a cell wall simply does not offer enough protection in harsh conditions. A layer made of sugar-like molecules (polysaccharides) provides extra protection.


Fimbriae: Hair-like structures that really help the cell stick to surfaces, for example to human cells.


THE THREE MAIN MODELS


Bacteria are grouped into one of three shapes: rods, spirals or spheres. A bacterium’s shape is usually indicated in the species name. For example, the bacteria responsible for throat and ear infection is coccus-shaped, or spherical, and therefore has the name Streptococcus (giving us the term ‘strep throat’ for the common infection).


The shape of a bacterium is adapted to where it lives and what it does. Due to their shape, small spherical bacteria can pack together tightly and divide more rapidly. A rod shape is better suited for bacteria that need to move, and a spiral shape is perfect for moving through thick, viscous liquids. Campylobacter jejuni, for example, causes food poisoning by corkscrewing through the mucus layer that lines your gut to reach the cells beneath. Bacteria can respond to changes in their environment by changing shape. They grow larger to avoid being eaten by predatory protozoa, for example, or become smaller if nutrients are limited.
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Every bacterium comes equipped with stock features essential to keep the cell running. However, certain species also have optional features that can really improve their performance





SHAPE SHIFTERS


The bacteria responsible for urinary tract infections (Escherichia coli) changes shape at different stages of an infection. These changes in shape make it easier for the bacteria to multiply and spread within the urinary tract. In this police-style ‘line-up’ (1) is a single, non-motile (not capable of movement), rod-shaped E. coli 2 hours after infection; (2) is a non-motile, coccus-shaped E. coli, found in a large group about 7 hours after infection; (3) is a motile, rod-shaped E. coli that broke away from the group around 12 or more hours after infection.
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ON THE MOVE


Many, but not all, species of bacteria are able to move actively in their environment. Some species have a single flagellum or a cluster of flagella, used like a propeller to push or pull the bacterium along. Spiral bacteria simply rotate to drive themselves through their environment. Some species glide across surfaces over a thick layer of slime, while others use hook-like appendages to pull themselves along.


GETTING TOGETHER


Some types of bacteria tend to gather together in pairs, groups or long chains. Even species that do not typically hang out together in groups may do so to avoid predators or harmful chemicals. Under certain circumstances, bacteria can form a complex matrix known as a biofilm. Using different types of proteins, individual cells first glue themselves firmly to a surface and then cement themselves to other bacteria cells nearby. The whole colony then encases itself in a protein shell, making it thousands of times more resistant to antibiotics than the individual cells.



CLONES, STRAINS AND SPECIES


The three terms explained below are often used to define bacteria.


Clones: The daughter cells that come from a single bacterium through fission. They are genetically identical to the original cell. A group of clones is known as a colony.


A strain of bacteria: A subtype where a genetic variation has made the bacterium a little different from the rest of its species – for instance, more virulent. All the bacterium’s descendants will have that variation in common, which means that they all belong to the same strain.


A species of bacteria: A collection of strains with a common origin – more similar to one another than to other strains. Bacteria are rather more complicated when it comes to species. They evolve at such a tremendous rate that something which is now a new strain might, in only a few decades, have become different enough to be considered a new species. The study of bacteria just requires a more fluid concept of species than we are accustomed to.





THE GOOD, THE BAD AND THE OPPORTUNISTIC


Your microbiome is just like any other diverse community – it has its upstanding citizens and its troublemakers. While the vast majority of your bacteria are good, certain others will cause trouble, given the chance.


The ‘good’ bacteria that make up the majority of your microbial community, such as Lactobacillus acidophillus, are called non-pathogens because they are not known to cause human disease. ‘Bad’ bacteria such as Mycobacterium tuberculosis, the species responsible for tuberculosis, are called pathogens because they are known agents of disease – they are not members of your microbiome, but they are able to infect you. However, there are also a number of species, known as opportunistic pathogens, that can change from being peaceful members of your microbial community into downright hooligans if the opportunity arises.
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A bacterium that is beneficial in one area of the body can become troublesome if it migrates and takes hold in another area. Staphylococcus aureus is beneficial in the blue areas (right), yet harmful in those coloured red.





WHAT OPPORTUNITY?


A number of things can happen to create the right environment for an opportunistic pathogen to thrive. A cut to the skin, for example, creates an entry point for bacteria to access tissues they cannot normally reach. A more serious wound, particularly one that breaches the wall of the gut, could allow bacteria to pass into the bloodstream, from where they can move to infect other areas of the body.


Opportunistic pathogens also take advantage when the immune system is compromised. This may be as a result of antibiotics, pregnancy, immune disease, malnutrition, medical procedures such as chemotherapy or even something as simple as fatigue. In these circumstances, the bad bacteria have less chance of being caught and then destroyed.


STRONG COMMUNITY


While the immune system plays an important role in policing bad bacteria, it has become increasingly clear that a strong, healthy community of microbes is equally important in inhibiting infection. Just as thriving communities of people do not tolerate bad behaviour in their neighbourhood, a healthy microbiome can help to prevent infection.


The microbial community uses a host of different strategies to deter troublemakers. They occupy all the space and use all the nutrients, making it physically difficult for bad bacteria to find a place to squat and find something to eat, so they simply move on. Good bacteria can change their environment to make it better suited to their needs and less suited to the needs of bad bacteria. Good bacteria even produce toxins that inhibit the growth of bad bacteria. If none of these other strategies work, the good bacteria can also call upon the body’s immune cells to help get rid of the bad guys.


THE OPPORTUNIST:



Staphylococcus aureus


Description:


• Coccus-shaped


• Found in groups


• Less than 1 micron in diameter


Note: People who have Staphylococcus aureus as part of their normal microbiome (known as carriers) are more prone to infections by this bacterium. However, such infections tend to be less severe than those of non-carriers who become infected by it.




[image: image]


Staphylococcus aureus is usually a mild-mannered member of the human microbiome, found on the skin, in the gut and in the upper respiratory tract of about 30 per cent of people. However, if there is a wound in the skin, it seizes the opportunity to prosper. Special features of its cell wall help this bacterium to attach to the proteins that form during the blood clotting process. There it can start to reproduce rapidly and wreak havoc with the immune system that is trying to repair the damaged tissue.









IN A RELATIONSHIP


The long-term relationship you have with the microorganisms in your microbiome is known as symbiosis (from sym–, meaning ‘together’, and – biosis, meaning ‘living’). Many different kinds of symbiotic relationships exist in nature, from the beneficial to the harmful. Some occur between organisms of the same species, while others are between very different species, as is the case with you and your microbiome.


Symbiosis can be classified into three broad categories: mutualism, parasitism and commensalism. These terms are used throughout this book as we explore some of the key players in the human microbiome.


Mutualism


A symbiotic relationship that is beneficial to both species. For example, the first species may provide a safe place for the second to thrive, while the second may provide vital nutrients that the first species cannot produce itself.
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Humans and dogs are two different species that enjoy a mutually beneficial relationship.
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Not all parasites are pathogens, just those that cause disease in humans.





Commensalism


A symbiotic relationship that is neither beneficial nor harmful to either species. Often one species may obtain shelter or transport from the other, without causing any noticeable harm. Many of the body’s microbes are commensal.


Parasitism


A symbiotic relationship in which one species (the parasite) lives on or in another (the host) and causes harm, weakening the host or worse. A pathogen is a parasite that specifically causes disease in humans, and the term is often reserved for microbes. An organism may be parasitic, but not necessarily pathogenic. Intestinal worms, for example, can steal nutrients from you, but do not necessarily cause disease.


The symbiotic relationship with opportunistic pathogens shifts from commensalism to pathogenic.


COMMUNICATION IS KEY


Good communication is key to any long-lasting relationship. Despite being very different organisms, your cells use many of the same compounds for communication as bacterial cells. Scientists estimate that 37 per cent of human genes are related to bacteria genes, and most of the proteins these genes make are important for communication between bacteria and animals.


If you consider that commensal bacteria have probably been exchanging information throughout the seven million years of human evolution (if you include the earliest human-like ancestors), it is plausible to think that this relationship has shaped the evolution of each of the organisms involved – as scientists now believe.


LONG-TERM RELATIONSHIPS


Organisms in long-term symbiotic relationships (symbionts) co-evolve with each other. Some scientists think that gut bacteria have shaped the evolution of mammalian guts, particularly ruminants (grazing animals such as cattle), enabling food to pass through the gut more slowly and so give bacteria longer access to the nutrients. Another theory suggests that bacteria may have played a role in the evolution of warm-blooded animals (endothermy). Human body temperature (37˚C/98.6˚F) happens also to be the optimal temperature for our symbiotic bacteria. The more scientists learn about our good bacteria, the more they believe that these have actively shaped their environment in their favour.






A day in the life of bacteria


At first glance, a bacterium’s diary might seem rather boring – eat and divide, eat and divide. However, bacteria have to pack a lot of activities into their ‘day’. These not only help them to survive, but also to improve their current environment and prepare for any changes in the future.
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Just as your ‘to do’ list probably includes jobs associated with work, home, health, family life and leisure, the tasks of a bacterium can be loosely categorized in the same way.









Work


While bacteria certainly aren’t putting in a 60-hour week to get ahead in the workplace, they do perform tasks that enable them to acquire more resources. Lactobacillus in your gut, for example, spends a good portion of its time converting sugars into lactate (lactic acid) and, much to your benefit, manufacturing vitamin K through fermentation in order to get energy. Bacteria need energy to perform all the other tasks required to grow and reproduce. If you eat at regular times, Lactobacillus will respond to your daily agenda and begin to divide rapidly in anticipation of receiving more ‘work’ to do – essentially developing a team of worker clones.


Home


Just as we like to make our homes more pleasant to live in, so bacteria monitor and make improvements to their habitat. They communicate both with their co-habiting bacteria and with the host itself in order to keep the household as stable as possible. Lactobacillus produces hydrogen peroxide (H2O2), which keeps its environment free of the nutrient-stealing Candida albicans, for example.


Personal well-being


Bacteria have to spend time maintaining their cells. Activities include removing waste from the cell, repairing DNA and building proteins and other molecules that the cell will use once it is ready to divide. Bacteria also come under attack from viruses (bacteriophages), so personal tasks might include destroying the DNA of an invading virus.


A bacterium’s ‘day’ can be very short. The average life of a single cell of Pseudomonas natriegens, an ocean-dwelling bacterium, is 10 minutes. This is the time from when a new cell forms to when it divides again.
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Family


The ultimate goal of a bacterium is to replicate its DNA and physically divide. As an individual cell it is limited in what it can accomplish, but thousands, if not millions, of cells will contain enough genetic diversity to let some individuals adapt to new situations, allowing their genes to live on. With division a priority, it is not surprising that much of what a bacterium does relates to achieving this primary task. For example, E. coli spends approximately 45 per cent of the time between forming a new cell and dividing again in making a copy of its genome; another 33 per cent is spent physically dividing the cell. Taken together, that’s more than 75 per cent of the bacterium’s lifetime!






Bacteria move in


You come in contact with bacteria every day. Most of these bacteria end up passing through – quite literally, in the case of your gut – because they cannot survive in the habitats your body provides. Some bacteria, however, quite happily take up residence.


The perfect home


Many aspects of the human body make it an ideal environment for certain species of microbe.


Warmth: All the bacteria associated with humans, good and bad, tend to find temperatures between 30˚C and 40˚C (86˚F– 104˚F) ideal – so the human body’s 37˚C (98.6˚F) is perfect.


Moisture: Bacteria are largely composed of water, which is essential for them to carry out reactions in the cell, dissolve nutrients and grow. This is why there are a plethora of bacteria around all your body’s sweaty spots (e.g. armpits) and mucous membranes (e.g. nose).
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You acquire bacteria from three main sources: from your mother at birth, from the food you eat and from your environment.
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Propionibacterium acnes lives on the skin but does not like oxygen, so it lives deep inside the skin’s hair follicles, feeding on the oils produced by skin glands.





PH: The acidity or alkalinity of an environment affects how well the enzymes necessary for cellular reactions work. While most of your body is a relatively neutral pH, your gut most certainly is not. The gut bacteria, such as those belonging to the groups Bifidobacterium and Lactobacillus, have found different ways to keep their internal pH neutral while living in this hostile acid environment.


Nutrients: Bacteria, like all living things, need nutrients to survive. For gut bacteria, this is generally fibre, and for those living on your skin it might be dead skin cells.


Oxygen (or not): Some species of bacteria require oxygen (aerobic). Others find it poisonous (anaerobic) and yet others, such as Escherichia coli, can live in either condition (facultative anaerobe). Aerobic bacteria can only live where oxygen is present, such as as your skin, while your intestine is filled largely with anaerobic bacteria.


Space: Bacteria generally grow better when attached to surfaces, so physical space can also be an important factor for thriving microbes.
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