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 Preface
 
 We like to think that our genome (DNA) serves us and we are our own masters. We think we are making our own decisions on what to do the next moment, and where to go on our holidays in the following year, whom to be our spouse and which are our favorite dishes. The 13-year international coordinated Human Genome Project was completed in 2003. To the surprise of many in the field of human genetics, the project has identified only 20,000–25,000 genes among the billion chemical base pairs that make up the human DNA. Three base pairs make up a gene. Well before our genome was sequenced, there was already chatter among biologists that our genome is littered with scraps of DNA that serve no apparent function to us. These DNA scraps do not encode for the production of functional proteins that contribute to the structure or activity of cells. These “junk” DNA scraps make up as much as 98.5% of our genome! Scientists believe that some of these junk DNA scraps were acquired millions of years ago, when viruses inserted their DNA into the human host. These foreign DNA remained, now accounting for a large proportion of our genome! In other words, a large portion of the DNA in our body cells is not of human origin. However, there is emerging evidence that suggests these bits of microbial DNA may alter our functional genes, directing our body physiology and behavior.
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 wHO ARE WE? mICROBES THE PUPPET MASTERS!
 
 We have been invaded by “body snatchers” and they are now part of us! We could postulate that a large portion of human (i.e. the portion not of human orgin) DNA serves only its selfreplication purposes and we are a channel for such purposes! There is ample scientific evidence to suggest that even today, free-living microbes are still manipulating our behavior and our life at large. Think about it, this is perhaps not surprising, as there are 50–100 times more microbial genes than the human entities in our body. They are thriving on our wet skin, in our mouths, and intestinal and vaginal tracts. We are perhaps not quite what we think we are. The thought of being manipulated by these tiny microbes is daunting, but it is better for us to face reality and adapt to it, and perhaps take advantage of the crosstalk, turning the puppet master into our life partner. This book offers many answers, yet raises many questions. It is meant to be thought-inspiring and provocative.
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 1 Why Do You Get a Kick Out of Roller Coaster Rides and Bungee Jumps?
 
 This is a familiar scenario. A young sweet girl with an agonised facial expression is begging her friends to let her off while they are queuing for their turn at the roller coaster. The roller coaster track is ten storeys high and looks scary from the ground. Her friends insist that everyone should try a roller coaster ride at least once in their lifetime and there is no better time than now. The girl gets her turn and screams her head off throughout the ride. When her feet finally return to the ground, she wants to go for another round. It has long been a puzzle to human behavioural scientists as to why some individuals enjoy the excitement of roller coaster rides or the thrill of bungee jumping. These activities are seemingly counter-intuitive to our survival instincts, and there is no immediate or long-term benefit to be gained from them. One may attempt to regard them as proof of adrenaline-seeking behaviour and our inherent spirit of adventure. However, if this prevailing inclination survives natural selection (otherwise the amusement parks would not be as popular as it is now), it probably offers an all-important survival advantage. Nevertheless, not everyone possesses such a temperament. For example acrophobics like me cannot muster the courage to peer over the edge of a tall building, let alone jumping or free-falling from an immense height. The trait is therefore not universal among individuals, and is independent of age, sex, race and cultural background. 1
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 The risk taking temperament could be encouraged, or suppressed by upbringing, culture, personal experience or responsibility, but its range of possibilities are predetermined in each and every one of us. Equally puzzling is the question of why ancient Homo Sapiens ventured out of the protective and productive forest, into the harsh and dangerous open plains of Africa? Some have argued that it is because they found it difficult to compete and survive in the more agreeable habitats, or that our ancestors had the courage to abandon the overcrowded jungles in pursuit of new opportunities in the open plains while encountering greater dangers. It helped that humans had the brainpower and nimble hands necessary to make tools and weapons, thus supplementing their lack of a strong physique. In the process, many survived, and those who did propagated the human stock. Meanwhile, there are those who stayed within the forest barriers, where they progressed culturally and technologically at a much slower pace. This argument however, does not stand, if you put some thought to it. If the successful humans were lion-hearted, brainy and skilled with their hands, humans would have monopolised the rich and productive (with respect to food supply and shelter) forest, rather than running away from it. Today, humans practically monopolised the available resources on Earth, but only after we had ventured out into the open to risk being attacked and becoming extinct. If we take a step back, we may question our human ancestors’ foolhardiness. Why didn’t they have a good awareness of danger which lead some of their descendants to enjoy risking their own lives in challenges today? A possible answer comes from a rather surprising quarter — the Science of Microbiology. Some recent observations by microbiologists may offer an explanation to the mystery. It is common knowledge that rats run away from cats, and in fact, rats can pick up the scent of cats from a distance. However, Joanne Webster and her team at Oxford University made an interesting observation. They reported that when rats were infected
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 Fig. 1
 
 The mind-bending parasite Toxoplasma gondii.
 
 with a malaria-like parasite called Toxoplasma gondii (Fig. 1), they lose their innate aversion to the cat odour, and behave recklessly, moving towards the adversaries.1–3 Many of the rats were eaten up by the cats, of course. We can’t tell if the rats enjoyed the excitement of the attacks, but if they did, they were probably similar in intensity to that of free falling in roller coasters. The parasite interferes with the workings of the nervous system in the rats, robbing them of their sense of danger. Specific effects seem to prevail, as toxoplasma-infected rats retain their aversion to dog urine. It was subsequently reported that the parasite prefers to colonize the part of the brain that regulates reflex. Reflex is exemplified by our retraction of hands when we touch a hot object. The exact mechanism is not clear. Nevertheless, many other agents such as alcohol and drugs are known to relieve individuals from latent inhibition and self-consciousness, simultaneously heightening the sense of pleasure. Could it be reasonable to assume that the continuation of the parasite’s gene line depends on the recklessness of the rats? The rat is a dead-end host for the parasite, requiring the cat to facilitate its transmission to a new host. Since cats do not eat dead, or decaying prey, Toxoplasma takes the evolutionarily sound course of being a “good” parasite, leaving the rats physically healthy but altering the
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 host’s behaviour to instigate transmission through being attacked by the cats. It would be logical to interpret that the parasites which were not able to induce this advantage faced the fate of termination in their gene line. The trait of nerve racking was therefore selected for in the parasite Toxoplasma gondii. This phenomenon of microbes modifying the host’s behaviour is more widespread in Nature than you would suspect. A classic example is rabies (mad dog disease), where the rabies virus (Fig. 2) finds its way to the saliva and brain of the hosts to induce aggressiveness in the infected hosts (i.e. dogs, cats and even humans) to bite potential new hosts. There is a theory that the European legends of bloodthirsty vampires originated from human rabies cases, which was rampant during the early 18th century in Eastern Europe.4 The symptoms of the advanced stage of the disease, in which the virus attacks the brain, include an aversion to bright light, water and mirrors, and an apparent liking for blood, sex and biting. These symptoms uncannily match the folklore of rapacious, sexually predatory vampires being unable to go out in the day, having no reflections, and burning if they touch holy water. Thus Count Dracula was not a vampire but rather, had rabies instead, and what the Count needed was not a stake through his heart, but a jab in the arm before he fell ill. Once the symptoms of rabies begin to show, the prognosis is inevitably fatal. The host has no more use for the virus! The natural host of the Black Death (Bubonic plague) causing bacterium, Yersinia pestis (Fig. 3), is the common flea. As the bacterial cells grow in the intestinal tract of fleas, they block the
 
 Fig. 2
 
 The rabies virus.
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 Fig. 3
 
 The Black Death bacterium Yersinia pestics.
 
 Fig. 4
 
 The parasite Guinea worm.
 
 passage of digestion and absorption, causing the fleas to starve and search for other hosts (rats and humans) to infect them with the Black Death bacterium. The mechanism for starvation is rather elaborate, including the formation of occluding films in the valve connecting the insect’s midgut to the esophagus (the first piece of gut after the mouth). Without understanding the route of transmission and cause of Black Death in the 14th century, people prevented sufferers from leaving their homes, painted crosses on the doors of the doomed families, and locked themselves in, none of which helped the prevention of the infection. Rats crawled in and out of households and fleas jumped, so the plague inevitably spreaded. Another example cited in scientific literature is of humans infected by the Guinea worm (Fig. 4), who visit a water source, when the parasite is at a stage of sexual maturation, to cool down and soothe the infected skin. When exposed to water, the parasite
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 Fig. 5
 
 The parasite Lancet fluke.
 
 Fig. 6
 
 The parasite Hair Worm.
 
 lays its eggs, allowing them to hatch in the water, furthering its transmission to other hosts. Other examples of microbial manipulations include the following. The Lancet fluke Dicrocoelium dendriticum (Fig. 5) forces its ant host to climb up to the tips of grass blades, possibly to get more sunlight and warmth, so that the fluke is easily eaten by grass grazing animals. The fluke needs to get into the gut of a grazing animal to reproduce and complete its life cycle. The fluke Euhaplorchis californiensis causes fishes to shimmy and jump out of water so that wading birds would eat them.5 Hairworms (Fig. 6), which live inside grasshoppers, sabotage the grasshoppers’ central nervous system, influencing them to jump
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 into water, drowning them. Hairworms then swim away from their hapless hosts, laying eggs which hatch into larvae, ready to be consumed by the next host. These different parasites influence their hosts to take unusual actions in order to complete their life cycles.6 The next logical question to ask is whether the parasite Toxoplasma gondii infects humans. The answer is a resounding yes. Serious cases of acute toxoplasmosis (inflammation due to the infection of toxoplasma) in human adults are associated with psychiatric symptoms such as delusions and hallucinations. A review of 114 cases of acquired toxoplasmosis noted that “psychiatric disturbances were very frequent” in 24 of the case-patients.7 A case report described a 22-year-old woman who exhibited paranoid and bizarre delusions (she said she had no veins in her arms and legs), with disorganised speech. Another case report included a 32-yearold woman who had auditory and visual hallucinations; and a 34year-old woman who experienced auditory hallucinations and a thought disorder.8 Schizophrenia was first diagnosed in all three patients, but later neurologic symptoms developed, which led to the correct diagnosis of Toxoplasma encephalitis (inflammation of the brain). Mild cases and latent infection of the parasite may not show obvious clinical symptoms. When a healthy human being is invaded by a large foreign protein, be it a virus, bacterium, parasite or food component, the body attempts to protect itself from the invading agent by forming antibodies directed specifically against the foreign agent. The antibodies bind themselves to the foreign agent, preventing it from causing harm. They also serve to attract the body’s immune cells to eliminate the foreign particle. These antibodies linger on in the body for many years even after the disease subsides, serving as a reference in case the same disease sets in again. A survey on antibodies specific to the parasite Toxoplasma in the blood of seemingly healthy people around the world revealed surprisingly high positive rates, showing that the infection by this parasite is more widespread than one would imagine. The U.S. NHANES (2004–2005) National Probability Sample found that in 2005, 33.1% of U.S. persons
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 France
 
 88
 
 Germany
 
 80
 
 Brazil
 
 67
 
 USA
 
 33
 
 Britain
 
 South Korea
 
 22
 
 4.3
 
 Percent of population
 
 Fig. 7
 
 Prevalence of Toxoplasma gondii infection around the globe.
 
 above 12 years of age had Toxoplasma-specific antibodies, indicating the parasite’s presence. This prevalence has significantly increased, judging from data gathered in 1999–2000.9 It is estimated that between 30% and 65% of the worldwide population is infected with Toxoplasmosis (Fig. 7). In France, around 88% of the population are carriers. The parasite is transmitted via infected and contaminated meat, and so the French cuisines of raw or lightly cooked meat could have caused the alarming spread of the parasite. In Germany, the Netherlands and Brazil, there is also a high prevalence of around 80%, over 80% and 67% respectively. In Britain, about 22% are carriers, while South Korea’s rate of positive subjects is only 4.3%.10,11 Could this explain the differences in the temperaments of people in different countries?10 Occurrence of Toxoplasma infection among humans is perhaps even more prevalent in the ancient past due to the lack of hygiene awareness. A reckless host could facilitate a wider dispersion and transmission of the parasite. A study by Jaroslav Flegr and his colleagues at Charles University showed that people who had latent infections of the parasite took longer to press a computer key after a prompt from the monitor,12
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 as opposed to the estimated 250 milliseconds uninfected people took to react. Moreover, those infected did worse as the experiment continued, suggesting shorter attention spans. That is not all. People with latent infections were 2.7 times more likely to be involved in car accidents.13 For reasons unknown, infected men are more independent and inclined to break rules, whereas infected women tended to be more dependent and law-abiding. That says a lot of the behavioral differences between men and women. In this case, the parasite may have promoted complimentary human family partnerships and bonding! Events took a rapid turn after human ancestors ventured out of the forest into the open plains some 1.8 to 2.5 million years ago. Humans were forced to consume meat, as fruits, nuts and seeds were scarce outside the forest. Agricultural activity came much later, in around 9,500 BC. Humans could not run as fast as most of their prey, nor were they as powerful as the bigger animals with sharp claws and teeth. Humans had to team up and pick up weapons. From here on tribes formed and grew in size, forming family groups who worked cohesively to gather foods. Naturally, leaders emerged to plan, organize and oversee the hunting operations. Language evolved quickly, for a successful operation depended on each person’s understanding of their roles in the hunting team. Hence the plan had to be clearly explained, and instructions clearly delivered by the leader. Alterations of the plan in the field; such as when a team member was brought down by the prey, required reorganisation of the tasks in the remaining team, and needed decisive and unambiguous instructions. Those whose vocal control and language skills evolved rapidly prospered, while those who failed paid dearly. Imagine being unable to explain yourself, making incomprehensible noises to your fellow classmates, or colleagues in the company boardroom instead. Maybe we should be thankful to the little parasite for messing up our brain and giving the modern human being a push in our evolutionary path.
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 2 Looking Into the Cells: How Human Are We?
 
 We are active and fun-loving, but of course, we could be aggressive and impatient at other times. Whichever our moods, we are constantly hungry for energy. At complete rest and without physical work, energy is still required for the activity of the bodily organs and to maintain core temperature. This is called basal metabolism. The daily basal metabolic activity in a 70-kg man is about 1,500 kcal. That is equivalent to the energy content in 375 grams of cane sugar (sucrose contains 4 kcal per gram); we need to take almost a kilogram of the sugar equivalent if we are to consider the energy expenditure in the digestion, absorption, and conversion of chemical energy in the sugar into a form that could be utilised by our system. When we look into our cells, we would find in each and every one of these cells organelles called mitochondria; this is where sugars are metabolized to release energy for the cell to tap on (Fig. 8). Cell biologists are certain that mitochondria originated from bacterial cells. Evidence include the observation that their genome is circular, as it is in bacterial cells, and that mitochondrial genes are expressed correctly when introduced into bacterial cells. The size of the ribosome, where proteins are synthesised, is different between the mitochondria and the human cells. Moreover the enzymes involved in fat synthesis are similar in mitochondria and bacterial cells. Mitochondria break down glucose via oxidative processes (respiration) in our cells. And each 10
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 A mitochondrion
 
 A human cell
 
 Nucleus CO2 Energy Glucose
 
 Fig. 8
 
 O2
 
 Mitochondria in human cell perform aerobic respiration to generate energy.
 
 molecule of glucose yields 38 molecules of chemical energy, in the form of adenosine triphosphate (ATP). This represents a 44% efficiency of energy from sugar to energy-rich phosphate. The rest of the energy in sugar is released as heat. We use up energy when we walk, talk and laugh (approximately 2.5 kcal per minute). A lot more energy is used when we do strenuous work (about 10–12.5 kcal per minute when we go cross-country running and hill climbing). Without these bacteria in our cells, we wouldn’t be able to perform aerobic respiration and sugars will only be broken down via biochemical processes that do not use oxygen. Only two molecules of ATP are produced in every cycle of anaerobic respiration producing lactate or alcohol, compared to 38 molecules of ATP during aerobic respiration. 1Glucose + 6O2 + 38ADP + 38H3PO4  6CO2 + 44H2O + 38ATP 1Glucose + 2ADP + 2H3PO4  2CO2 + 2 lactate + 2ATP 1Glucose + 2ADP + 2H3PO4  2CO2 + 2 ethyl alcohol + 2ATP
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 So, as you can see, if there were no mitochondria in our cells, we would need to consume about 20 more times the food for the energy to sustain our bodily activities, ending up having to eat all the time, with no time left for other activities. Instead of three meals a day, we would have to eat 60 meals! Cows and goats graze all their waking hours, for the little energy that every blade of grass gives. Otherwise, we would have to move at a turtle pace, some 20 times slower than possible now. If humans were to sustain our present level of activity without being able to respire aerobically, the Earth could only support a less populated world. Some speculate that if humans chose to be less active, we might have a more peaceful world, where all human activities creep slowly, though we cannot be certain of that, as we would still be in the dawn of civilisation and technological progression. Are we slaves to the bacteria mitochondria, living for the purpose of reproducing more of it, or are we taking advantage of these cells to generate higher amounts of energy to maintain our hectic lifestyles? I would like to think that it is a mutually beneficial relationship (symbiosis) where we provide the bacteria a cosy home and in return be more energy efficient. Interestingly, the mitochondrial genome is inherited from the mother to the child; it has no paternal linkage, unlike all the other cells that derive genes from both parents. It is therefore possible to trace the maternal lineage through the gene map of the mitochondria. A recent gene survey suggested that the whole European Caucasian population stems from seven women, and 20% of the Chinese are of the Genghis Khan stock! Of course the world did not start with the seven Caucasian women in Europe and neither is one in every five Chinese a Mongolian. Through major catastrophies and mass
 
 b683_Chapter-02.qxd
 
 10/14/2008
 
 10:40 AM
 
 Page 13
 
 FA
 
 Looking Into the Cells
 
 exterminations, as well as the spread of natural (diseases) and man-made (war) events, the genetic variety of the human population was reduced to a few gene lines that survived them. They expanded in numbers after living through the catastrophic events that created the genetic bottleneck, and we are their descendants.
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 3 Looking Into the Command Post of Human Cells: The Nucleus, Are We Human at All?
 
 The higher form of cells’ eukaryotes, include all animals, plants, and human cells. Each cell has a nucleus where chromosomes (DNA) are enclosed by a double membrane. The nucleus is the command and control centre of the cell. It controls the synthesis and degradation of functional proteins, which in turn regulate all the biochemical pathways and physiological functions. Primitive cells (prokaryotes) such as bacteria, do not have a nucleus, but instead hold exposed chromosomes. Let us look at some of the features of the nucleus. Within the living cell, the nucleus replicates and in doing so forms a new membrane around it. The DNA serves as a template for transcription onto messenger RNA, which directs protein synthesis. Unlike bacteria and mitochondria, which have circular chromosomes, the cell’s nucleus has linear types. Wait a minute, are we talking about the DNA as a virus? That is indeed the basis of the viral-nucleus hypothesis, which proposes that the nucleus evolved from the DNA virus. Before the discovery of the mimivirus in 2003, the hypothesis was considered interesting but highly improbable. Viruses live a parasitic way of life and surely parasites appeared only after their hosts evolved, didn’t they? After all, they had to live off their hosts. 14
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 Looking Into the Command Post of Human Cells
 
 Fig. 9
 
 The mimivirus.
 
 The discovery of the giant mimivirus (it mimics a bacteria as the name suggests, Fig. 9) made the viral-nucleus hypothesis more probable. Some people have even argued that it gives the hypothesis a high probability.14,15 The mimivirus was first found in a cooling tower in the town of Bradford, England.16 It was so large that it could be seen using a standard light microscope, and contained ten times more genes than most viruses, being larger than many small parasitic bacteria. The implication was that viruses might have appeared first as independent replicating organisms. They underwent reductive evolution, shed some of their genes and became the obligatory parasites we know today. The viral-nucleus hypothesis proposes that back when the independently living mimivirus was predominant, it made its way into a primitive bacterial cell. Both the virus and the host found it mutually beneficial and evolved to form a permanent partnership, leading to the first eukaryotic cell. The combined cell is highly regulated and compartmentalised, thus allowing it to grow in size and complexity. The eukaryotic cell could perform many functions that were not possible in the more primitive viruses and bacteria. From then on, there were no barriers to its propagation.
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 It does seem that the human cell is no more than a bagful of different microbes that co-evolved under the pressure of natural selection. Just like a car, it is an assembly of components invented independently for different purposes. The driving power comes from the combustion engine (mitochondria equivalent in the cell), spurred by the microchips and electronic controllers (the nucleus) and enclosed in a hard shell (membrane and cell wall).
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 4 Why is There So Much Junk in Our Genes?
 
 If cells and organisms are products of natural selection during the survival of the fittest, surely redundant, unessential and noncoding genes will be weeded out for economy of gene length and to maximise the precious resources and energy that the cell works so hard to extract from the environment. So does the 98.5% of junk genes in our genome defy logic? The Human Genome Project, which was completed in 2003, has identified only 20,000–25,000 genes among the billions of chemical base pairs that make up the human DNA. Three base pairs code for a gene codon. It is proposed that these seemingly useless genes are remnants of the viral genes that invaded the ancient man. Viruses are intracellular parasites; they depend on the host for reproduction. To achieve that, a viral particle releases its genes after invading a host cell and some of the viral genes incorporate themselves into the genome of the host. Every time the genome of the host is activated, viral molecules are produced. Subsequently, fragments of those viral genes remain as junk genes. But is junk DNA really junk? If it is junk then why does it remain? Surely, carrying excess luggage around makes us run comparatively slower than those who don’t. A study on prairie voles by Larry Young and Elizabeth Hammock at Emory University showed that male voles with longer junk DNA strains that are adjacent to a gene encoding a receptor 17
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 for the hormone vasopressin displayed higher fidelity than those with shorter associated junk DNA.17 Vasopressin is a hormone, which regulates complex behaviours such as anxiety, parenting, social engagement and attachment, and aggression in a speciesspecific manner. Those voles with longer junk genes were more devoted to their partners when offered a choice of another female, and had spent more time with their pups. This junk DNA is rampant in voles. It is not clear whether fidelity or flirtation is the default genetic behaviour of male voles. The insertion of the viral DNA has certainly altered the behavioural pattern of this animal. If devotion is not the default behaviour of the voles, then the virus has shaped some of the male voles into devoted fathers to ensure the survival of the offspring and continuation of the viral stock. In this case, the virus is likely to be transmitted via close and prolonged contact, from parents to offspring. If the flirtation gene is not the default gene of the voles, then the virus can turn some of the animals flirtatious, so that it has a better chance of dissemination through sexual contact, making it highly contagious. Among the human viruses, some are less contagious, such as the SARS coronavirus (Fig. 10). During the SARS outbreak, most of the patients were close relatives and medical care providers of the infected people. Other viruses are highly contagious, such as poxviruses. Human social interaction is more sophisticated than that of voles, and culture and tradition do play a great part. Nevertheless, those who have the gene of “devotion” would respond more positively to peer pressure and social expectations of fidelity. Others may have desires to spread their genes. In the animal kingdom, humans are the most protective of their offspring and family. Unlike humans, many animals leave their newborns to fend for themselves right after birth. And a newly crowned alpha male monkey would kill the kids from the previous dominating male to induce the mother into a state of sexual desire. Human mothers would never mate willingly with the killer of their children! However, humans are also notoriously flirtatious! Two sets of opposing genes seem to
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 Why is There So Much Junk in Our Genes?
 
 Fig. 10
 
 The SARS coronavirus.
 
 be in operation. A small push from the viral gene would make a marked difference in the outcome of human interactions. An interesting question is, could viral infection and the subsequent insertion of junk genes have sped up the mutation rate and human evolution? The rate of evolution depends on the conversion of the genes into varieties, and Nature’s selection of the favourable genes for survival. Estimation puts the average natural mutation rate of human genes at about 2.5 × 10−8 mutations per nucleotide site or simply, 175 mutations per complete (diploid) genome per generation, which is rather slow for the number of genes that we possess.18 We do not mutate and change rapidly. Perhaps we need the help of viral genes to do so. Besides, viral genes often alter the gene regulation of the host. The host replicates the genes more frequently than necessary and makes more mistakes in the process. Human evolution walked a different path from other primates, such as chimpanzees, some four to five million years ago. A number of DNA sequence clusters, such as the HERV-K element, are found among the “junk” genes in humans but not other primates.19 Their presence in the human genome was therefore estimated at the time when the human ancestry branched off from the
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 other primates. It is unclear as to how much impact these newly inserted viral genes had on Man’s evolution.14 Some scientists pointed out that the modern human resembles the primate infant, with a protruded forehead, hairless skin and weak jaw (check that out the next time you visit a zoo). Perhaps, humans are like primate versions of Peter Pan who refuse (or fail) to grow up, thus retaining our playfulness, curiosity and creativity.
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 5 The Tendency of Humans to Trade-off Our Body Functions Under the Assault of Diseasecausing Microbes
 
 As mentioned previously, humans do have weak jaws. We are not able to break nut shells or crack husks of seeds without the help of tools, unlike herbivorous animals. We cannot bite through animal hide and raw meat like carnivorous animals either. We need to prepare our food with tools, heat or by microbial fermentation. Ironically, Man’s weak jaw muscles allowed for the expansion of the skull and brain instead. A well worthy trade-off ! Humans have the tendency to weaken our body functions under the assault of disease-causing microbes. The following are some of these examples.
 
 Malaria A widely cited example is that some individuals (especially black Africans) have the tendency to accumulate sodium in their blood, predisposing themselves to hypertension. Ironically, high blood sodium concentrations in the past would have enabled those living in the tropics to survive the mosquito-transmitted Malaria (Fig. 11). The malaria parasite is incapable of tolerating salinity beyond the physiological level (0.9% NaCl weight by volume). For these individuals, 21
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 Fig. 11
 
 The Malaria parasite.
 
 they have chosen to trade off their life expectancy against imminent death from this influential tropical disease. For the survival of the species, it is more important to live through the reproductive age, than to live long. Age is irrelevant to malaria, whereas the effects of hypertension are usually felt only in the later parts of life. It is evident that humans are using this strategy repeatedly. Sickle cell anaemia is a genetic disease observed among people of tropical African ancestry and in those who can trace their roots to the Mediterranean region, South and Central America, the Middle East, India, and the Caribbean. Red blood cells contain haemoglobin, which binds to oxygen, allowing their transport. People with the sickle cell disease have red blood cells that contain mostly haemoglobin S, an abnormal haemoglobin, unlike normal red blood cells, which contain haemoglobin A. Normal red blood cells live for about 120 days before being replaced by new ones. Red blood cells containing mostly haemoglobin S die rapidly, with a lifespan of only ten to 20 days, leading to anaemia.
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 Sometimes these red blood cells become sickle-shaped (crescentshaped) and have difficulty passing through small blood vessels. When sickle-shaped cells block small blood vessels, blood flow to that part of the body is reduced. Tissue that does not receive a normal blood flow eventually gets damaged. This is exactly why the sickle cell disease causes complications in afflicted people. However, sickle cell disease sufferers escape Malaria, because the Malaria parasite has to live in red blood cells for a period of time to complete its life cycle, and sickle cells die too quickly to allow that.
 
 Diarrhoea Diarrhoea picked out the Cystic Fibrosis gene among Caucasians. A defective gene (the Cystic Fibrosis gene) prevents the secretion of water on the mucosal surface of the lungs and intestines. Unfortunate individuals who carry a pair of the defective gene experience an accumulation of mucus in their respiratory tracts as there is too little fluid to wash away the surface mucus. This leads to a long retention time of mucus and a higher chance of bacterial infection in the upper and lower respiratory tracts, often resulting in early mortality. However, a person who carries only one defective gene would not have the problem of mucus accumulation. Also, they would not die of dehydration and shock from severe diarrhoea which were rather common and considered worthwhile compromises in the past when water and food hygiene were poor. The reality is that infectious diseases choose “resistant” individuals even if this resulted in defective functionalities. An imperfect body is better than a dead body!
 
 Helicobacter pylori The bacterium Helicobacter pylori (Fig. 12) is known to be the main cause of gastric ulcers in humans. Again, there is the intriguing question of why we tolerate the bacteria in our stomachs. It does not invade stomach tissue but induces inflammation in the mucosal membrane by injecting proteins into the epithelia cells of
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 Fig. 12
 
 The stomach ulcer bacterium Helicobacter pylori.
 
 the stomach lining. The bacterium lives off the products from the inflammation that are released into the stomach lumen. We know that the majority of peptic ulcer and stomach cancer cases are caused by this bacterium, rather than an over production of gastric acid as previously assumed. A strong circumstantial evidence arrived from the observation that nearly 100% of peptic ulcer patients carried the bacterium, whereas 30% of non-ulcer individuals carried the bacterium. Subsequent clinical evidence has confirmed that H. pylori induces inflammation, leading to stomach ulcers within 10–20 years after infection. The infection could persist in the human stomach for decades, causing continual chronic damage leading to the formation of stomach cancer.20 The association between chronic H. pylori infection and peptic cancer came from a study of 8,000 Japanese in the USA. In 1942 during WWII, these immigrants were registered with a complete health record and their blood samples were collected. By assaying for antibodies against H. pylori in their blood, one was able to find those who were infected by the bacterium. Tracking down the surviving individuals from the original 8,000 showed that between the years of 1966 and 1989, 2% of them suffered from stomach cancer. Among them, H. pylori carriers were six times more likely to develop stomach cancer than non-carriers; and 12 times closer to having duodenal (upper part of the intestine) cancer. The International Cancer Research Institute lists H. pylori as a Class 1 carcinogen (cancercausing agent).
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 Many people harbour Helicobacter pyroli but only six to twelve percent of them eventually develop stomach ulcers and even fewer end up with stomach cancer. A recent study has shown that metabolic products released by Helicobacter pyroli inhibit the growth of bacteria that cause food poisoning. In the past when good hygiene was not a common practice, could the presence of Helicobacter pyroli have created a natural barrier against these bacteria? With an average life expectancy of about 25 years at that time, even during the early Roman Empire, developing stomach ulcers after a long incubation period of 10–20 years, or stomach cancer after another 10–20 years were both acceptable. Here, it is clear that we did not evolve towards longevity. Diseases associated with old age, such as dementia, cancer and tissue (organ) deterioration, are not part of the considerations in the design of the human body. We can only do so much to sustain health at old age and need extraneous help for age related diseases. The continuous decline of H. pylori carriers in developed countries over the past 100 years, due to improved hygiene and a better treatment of this bacterium, has reduced the incidence of stomach cancer. However an unexpected surge in the disease of the oesophagus was observed. In some cases, acid reflux progressed to Barrett’s syndrome (a pre-cancerous lesion) and further changed into a particularly deadly type of cancer, adenocarcinoma. It is observed that when the stomach is inflamed by H. pylori, the acidity of stomach content is lowered by affecting the hormonal regulation of the acidproducing cells. Could H. pylori have done a favor for individuals who produce high amounts of gastric acid, right to the extent of saving their lives?
 
 Acquired Immune Deficiency Syndrome (AIDS) Around 20% of Caucasians are resistant to Human Immunodeficiency Virus (HIV, Fig. 13) infections. They lack the HIV binding receptor (CCR5 protein) on immune cells, hence the virus is unable to latch onto the host cells and invade them (Fig. 14).21,22 The virus circulates in the body but fails to propagate; it eventually dies.
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 Fig. 13
 
 The Human Immunodeficiency Virus (HIV).
 
 Normal Cell
 
 Mutant cell
 
 CD4 receptor
 
 CCR5 receptor
 
 Fig. 14 Binding of Human Immunodeficiency Virus (HIV) on CD4 cell leads to invasion. Virus that fails to bind onto a CD4 cell is not able to invade.
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 Fig. 15 The frequency of mutant CCR5 gene allele (%) among the European population.
 
 CCR5 represents chemokine (a protein made by cells that affect the behaviour of other cells) receptor 5. CCR5 is predominantly expressed on white blood cells (T cells, macrophages, dendritic cells) and microglia (immune cells of the brain and spinal cord, responsible for the cleaning up of the central nervous system), and plays a role in our inflammatory response towards infection. Without the receptor, these people lose certain immune defence functions but it
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 has probably allowed their ancestors to survive some major ancient intracellular parasite. The analysis of their mitochondrial genes suggests that the entire 20% of the HIV resistant population originated from a common female ancestor and the loss of the CCR5 receptor is estimated to have occurred at the time of the Black Death. Interestingly, the distribution of these HIV resistant individuals is not even across the Europe (Fig. 15). The HIV resistant individuals are concentrated more in Northern and North Western Europe, but lesser among Mediterranean Europe. Crossing the Mediterranean Sea, the HIV resistant gene is not found among the Africans. It is not detected among the Asians either. Something must have happened in Northern Europe between the 14th and 15th century to have picked up this particular gene.
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 6 Looking Into Our Intestines
 
 No one would question the statement that Shanghai is a predominantly Chinese city, for there are more Chinese than Europeans, Americans or other Asians living and working in Shanghai. If we follow this logic, we are not totally human matter either, but also bacteria. There are ten times more bacterial cells residing in our bodies, mainly in the intestines, than the total number of our own body cells. The human intestines constitute an ecologically complicated microbiota made up of more than 1,000 different bacterial strains of which over 99% are anaerobic (grow in the absence of oxygen). They comprise an aggregate number of a hundred trillion (approx 1012 microorganisms/cm3). The reason that we see a person rather than bacteria is because each of our body cells is about 100 times larger than the bacterial cells. In terms of weight, each of us carries one to two kilograms of wet bacteria. This would give you the right perspective as to how much bacteria we have in us. That makes one wonder if we are in total control of ourselves. Are bacteria the masters of our bodies? When we look into the types of bacteria in specific sites of our bodies, there are variations between individuals, but the overall profiles at each of these body sites are rather similar. For example, the often-mentioned Escherichia coli (E. coli, Fig. 16) bacterium is always found in the intestines but not on the skin or oral cavity and throat. It is a member of the faecal bacteria. How do these body surface bacteria get there in the first place? Did they arrive there randomly and proliferate only because the 29
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 Fig. 16
 
 The intestinal bacterium Escherichia coli.
 
 Bacteroides
 
 Eubacteria Bifidobacteria
 
 Streptococcus
 
 Fig. 17 The anaerobic intestinal bacteria Bacteroides, eubacteria, bifidobacteria and anaerobic streptococcus.
 
 environmental conditions at the specific intestinal site favored their survival and growth? If this is the case, our intestinal microbes should then be commonly found in our living environment, so that these microbes have a good chance to reach and colonise our body surface. The majority of the bacteria in our intestines are anaerobes, such as Bacteroides, Eubacteria, Bifidobacteria and anaerobic streptococci (Fig. 17). These bacteria are not commonly found in the environment outside our body. They have to be transferred from one human individual to another. To ensure that an infant is properly “inoculated” with the right kind of bacteria, the number of
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 indigenous intestinal bacteria in the birth channel of the mother increases a day or two before the baby is due. It is not entirely clear how these intestinal bacteria migrate to and increase in numbers within the vagina, that serves to deliver a healthy dose of commensal bacteria to the newborn. The vagina of a healthy non-expecting woman has relatively fewer microbes. It is postulated that mothersto-be secrete sugars and alter the acidity of the vagina to encourage the growth of certain bacteria strains that are used as inoculants. Many mothers who gave birth through Caesarean Section would agree that their babies suffered from recurrent gastrointestinal upsets and diarrhoea more often than their natural birth siblings. The reason is perhaps not surprising, as caesarean babies are microbiologically “clean” prenatally. Their oral cavities and intestinal tracts contain fewer microorganisms as their mothers did not have the chance to smear them with a healthy dose of vaginal microorganisms. In a microbiologically vacant oral cavity or intestine, any environmental or food-borne microorganism that manages to enter the mouth of a baby could establish itself easily there. With some misfortune, a diarrhoea-causing bacterium may end up colonising the intestines. The same has been suggested for the occurrence of tooth decay (dental caries) in individuals. Oral bacteria such as Actinomyces, Streptococcus and Porphyromonas (Fig. 18), settle quickly within the
 
 Actinomyces
 
 Porphyromonas
 
 Fig. 18
 
 The oral bacteria Actinomyces, Streptococcus and Porphyromonas.
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 first two years of life. They come from the mothers and the environment. Once they are there, the microbiota profile remains generally constant throughout life and it is almost impossible to be replaced by a new strain even if the new bacterium is given in large doses. This is termed colonisation resistance. It is reasoned that a person could keep his perfect set of teeth unless a tooth-decaying bacteria such as Streptococcus mutans managed to reside in his oral cavity in the first two years of his life.23,24 Dental plague takes about six hours to build up. It consists of a consortium of mixed bacteria that colonises the dental surface. The acids produced in sugar metabolism cause the erosion of the tooth enamel and formation of caries. A person who harbours tooth-decaying bacteria would need to brush his teeth every six hours or so to clear the dental plagues that have built up. In the case of intestinal microbial population, the infants do play an active part in securing the residence of desirable bacteria. Their intestinal tracts secrete the sugar fucose not commonly found in Nature to encourage Bacteroides to colonise.25–27 Free fucose is quickly incorporated into the mucus layer on the intestinal surface through the activity of the enzyme fucosyl-transferase. The strategy is to ensure that our intestinal surfaces get occupied by commensal bacteria in our infancy, making it difficult for invasive diseasecausing microbes to stay later on. Many of the commensal bacteria produce extracellular polysaccharides, linking to each other and the epithelium to form a net-like structure covering the intestinal surface. Every time we take in something through our mouths, we consume millions of environmental microbes. These microbes either exist in the food ingredients (spices, meat, vegetable and water) or are deposited on the food by the food handlers (on their hands) and insects. If the cooked food item is left in the open, microbes suspended in the air may settle on it. However most of these environmental microbes are unable to establish in our intestines and pass straight through them. Only a few bacteria can break through the net of indigenous commensal bacteria and invade the intestinal tissue, causing disease. These are the pathogens.
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 Recent studies have demonstrated that intestinal microbes are involved in our immune defence system also.28 Clinical and experimental studies have put forward that intestinal microbiota is essential for the maintenance of intestinal homeostasis, thereby modifying our immunity. In the presence of pathogens, intestinal epithelial cells rapidly produce signals (cytokines such as interleukin-8), which recruit immune cells to the site of infection. Appropriate immune cell recruitment removes pathogens at the infected location. However, an excessive signal expression that instigates an immune cell influx into the intestines contributes to the development of chronic intestinal inflammation. In some cases, the inflammation persists even after the pathogens have been eliminated. During the SARS infection, the damage in the lung tissues and subsequent deaths are mostly caused by the overzealous immune responses in removing the infected as well as the surrounding healthy tissues indiscriminately. When our body tissue is damaged, our housekeeping system repairs the affected portions. The more is done, the chances of making an error heightens, which may turn a normal cell cancerous. It is like signing your name a thousand times; the last one often has a different result from the first. Chronic inflammation is instrumental in both the initiation and progression of many epithelial cancers. From the perspective of the intestinal indigenous bacteria, chronic inflammation leads to the destruction of intestinal tissues and therefore the loss of the indigenous bacterial population. So, it makes sense for some strains of the indigenous bacteria Enterococcus,29,30 Lactobacillus and Bifidobacterium,28 to dilute the regulation of the host’s chronic inflammatory reactions. This, as a consequence, relieves inflammatory diseases, such as asthma, allergy, irritable bowel syndrome and inflammatory bowel disease. Interestingly, the immune regulatory effect is limited to only a few strains of the indigenous bacteria.29 It appears that the wellbeing of an infant is determined not only by the genes inherited from its parents, the foods it consumes, and the home environment that shelters it, but also the microbes its caretakers transmit to it.
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 7 Why Do We Have Diarrhoea?
 
 An example of a diarrhoea-causing bacterium is Vibrio cholerae (Fig. 19). In a germ-free animal (an animal that was born by cesarean birth and carries few bacteria in its intestines as well as body surface), only a few Vibrio cholerae bacteria cells are needed to cause infection and diarrhoea, whereas for a normal germ-filled intestine, a million Vibrio cells are required to cause a disease. It is obvious that in an intestinal tract fully occupied by indigenous bacterial cells, it is difficult for an invading bacterium to approach the intestinal surface and stay. Let us say a few alien bacteria managed to stay and our intestines detect their presence. The first logical thing to do is to get rid of them. So, our intestines release a lot of fluid into the intestinal lumen and peristaltic contraction purges the harmful bacteria out. It is like flushing away our excreta in a toilet bowl with a lot of water. This works most of the time. In most of the cases, we recover after one or two sessions of watery bowel movement. Well, not always! The old Vibrio cholerae knows our tricks. It clings onto our intestinal surface firmly when its numbers are few, and signal to each other by releasing a chemical that is recognisable by fellow Vibrio bacteria. The signaling between the bacterial cells is termed quorum sensing, quorum being “quantity”.31,32 When the sensing molecules accumulate to a critical level, and the bacterial cells recognise the soundwaves, they detach and induce the host to have a round of watery diarrhoea, so that they are discharged. The discharged Vibrio 34
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 Fig. 19
 
 The diarrhoea-causing bacterium Vibrio cholerae.
 
 bacteria look for other victims via fecal-oral transmission. In this way, we help the dissemination of the bacteria. Cholerae toxin composes of two components, a hormone-like part that fools the intestinal cells into embracing it. The other part is an enzyme that damages the salt-water balance, this causes a loss of water from the intestinal tissue into the lumen and a violent round of diarrhoea. In 1996, Waldor and Mekalanos of the Harvard Medical School suggested that the cholera toxin is in fact the product of a viral gene intergraded into the genome of the Vibrio bacterium.32 The virus has been named CTXphi and is a close relative of the bacterial virus (coliphage) M13. A long time ago, the Vibrio bacterium decided to keep this virus gene. The virus induces the human host of the bacterium to discharge the viral host when the human intestinal tract becomes too crowded. When we are diagnosed with Vibrio diarrhoea, are we suffering from a bacterial or a viral infection? The lines between the various types of organisms are indeed not as clearly defined as we once assumed. A victim of cholera diarrhoea could lose up to ten litres of water a day and discharge billions of bacterial cells. The human victim turns into a bacterial factory, and eventually dies if his immune system is not able to combat the bacteria without medical interference. Vibrio cholerae is ruthless and literally squeezes its victims dry. In the last pandemic outbreak of chlorella in 1961, 400,000 people worldwide suffered from the disease and 4,000 died before medical intervention finally stopped its advances.
 
 35
 
 b683_Chapter-07.qxd
 
 FA
 
 36
 
 10/14/2008
 
 10:42 AM
 
 Page 36
 
 wHO ARE WE? mICROBES THE PUPPET MASTERS!
 
 Traveling, for example, results in a lack of rest and stress caused by being in an unfamiliar environment, leads to physiological upset and the dislodgement of indigenous bacterial cells from the intestinal surface. This provides an opportunity for any diarrhoea-causing bacteria or viruses to flourish in the intestine, resulting in the proverbial traveler’s diarrhoea. About 15% of people experience diarrhoea symptoms after taking antibiotics, accounting for antibiotics-associated diarrhoeas. Oral antibiotics not only kill bacteria that causes infections, but the intestinal bacteria too. Without the natural protection, antibioticresistant diarrhoea-causing bacteria and antibiotic-insensitive viruses begin to flourish. These unlucky 15% of victims often harbour a small number of the diarrhoeic bacteria and viruses in their intestine. Under normal circumstances, the number of the diarrhoea causing microorganisms is kept low by the indigenous microorganisms. Removal of the intestinal indigenous bacteria via antibiotics opens up space for the harmful microorganisms to proliferate. Ultimately it is a battle between the indigenous (autochthonous) and alien (allochthonous) bacteria. The indigenous microbes on our body surface and gel-like mucosal layer are indeed our first line of defense against foreign invaders. Our immune resistance is the second line of defense. It is therefore wise of us to look after the first line of defense. In recent years, the term “probiotic” was introduced to describe beneficial microorganisms that constitute our first line of defense.28 “Pro” translates into “for,” while “biotic” translates into “life.”
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 8 Do We Eat Because We Need the Food?
 
 Most of us love to eat. It is reasonable to assume that we eat for our nutritional needs and enjoyment. Breast-feeding is strongly encouraged in many cultures, as the mother’s milk provides the necessary nutrients in the right proportion for the infant. You may be interested to know that one quarter of the carbohydrates in the mother’s milk are oligosaccharides. These are large and complex sugars that the infants find them difficult to digest and absorb. Why then do mothers harbour so much of them in the milk they provide? It turns out that a group of bacteria termed bifidobacteria can digest and utilise these oligosaccharides. It seems that mothers consciously try to introduce this group of bacteria into the intestines of their infants. Would these bifidobacteria be important for the well-being of the infants? A clinical evidence on the roles of bifidobacteria in infants came from the study of Erika Isolauri and her team at the University of Turku.34 In the study, infants with a mean age of 4.8 months, who manifested an allergic skin rash (atopic eczema), were given bifidobacteria for two months. The extent and severity of the atopic eczema were significantly reduced as compared to the group of infants without the bacterium. Their explanation was that the bacterium alleviates an intestinal inflammatory reaction toward dietary antigens (cow’s milk, wheat), which could have impaired the intestine’s shielding surface layer, leading to a penetration of partially digested food and an induction of the allergic reaction. 37
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 Fig. 20 Incidence of allergic diseases among people who have contact with farm environment and farm milk, and those who have not.
 
 It was observed that infants who have siblings, own pets, grown up in a farm environment or consumed raw farm milk within the first year of infancy, have a much lower chance of developing atopic eczema. For instance, in a survey report published in 2001 (Fig. 20), 12.4% of children who were exposed to the farm environment in their first year of infancy developed atopy, whereas 32.9% of those who grew up in the city developed the allergic disease.35 The exposure effect was less obvious after the first year of life. Among the domesticated animals, exposure to cats and pigs prevented the development of allergic diseases in the children, dogs helped to a lesser extent,
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 while poultry does the reverse.36,37 Daily exposure to the farm environment too helps the pregnant mothers. Children who develop eczema in their infancy tend to develop lung inflammation (asthma) in the company of house dust mites, cats and cockroaches in their early childhood, and nose allergies (seasonal allergic rhinitis) to hay and pollen in their late childhood. Today as many as 15 to 30% of children who grew up in hygienic cities in developed countries suffer from allergic inflammation, while less than 1% in the 50’ and children in undeveloped countries suffer from the disease. These form the basis of the Hygiene Hypothesis. The hypothesis suggests that infrequent encounters with microbial cells and their products (including toxin) during infancy lead to an unbalanced development of the individuals’ immune responses against allergic hypersensitivity toward environmental factors, rather than a strong disease resistance. For a long time, people were in close contact with the environment, working in the fields with bare hands, interacting with domesticated animals, collecting fruits and seeds, and hunting wild animals. The human body was exposed and programed to develop immune reactions toward microbial agents in such an environment during infancy. Today, we are hardly ever in contact with Nature at that young stage. Our knowledge of microbes as agents of disease demands that milk be pasteurised and food sterilised before consumption. This includes the sterilisation of appliances like the baby milk bottle before use. These hygienic measures successfully contained the spread of infectious diseases and prevented parasitic diseases. Unfortunately we pay the price for the indiscriminate culling of microbes around us. Without meeting with microbial agents (irrespective of if they are harmful) at a young age, our body’s immune system works toward damaging allergic inflammation against food and environmental agents which possess no danger to us. As one ages, the number of intestinal bifidobacteria gradually decreases. The elderly begin to suffer from frequent bouts of gastrointestinal symptoms and recurrent infections. This is especially obvious in city dwelling old folks. The question we may ask here
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 regards the cause and effect between the two; whether the decreasing bacterial numbers is a consequence of the deteriorating physiological state of the person, or that the disappearance of the bacteria leads to the lower health status of the person. If it is the former, the bifidobacterium is then the marker of the person’s health stage. The microbe sees the end coming and abandons the sinking ship. Whereas the latter would suggest that health deterioration at old age can be reversed to some extent by modifying the intestinal microbiota. Clinical evaluations so far suggest that it is probably a vicious tussle between the two. A deterioration in the physiological state of the person cannot uphold the desired intestinal bacteria, leading to a failing intestinal bacterial homeostasis and weaker barrier functions, which returns to a crumbling health status. We have to convince our symbiotic microbial partner that it is worthwhile for them to stick around; otherwise our attempts to replenish intestinal microbiota through the supplementation of probiotics would not last. Probiotics only help those who help themselves!
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 9 Microbes Help Those Who Help Themselves
 
 Archaeologists have identified large numbers of ancient ovens dotted all around America, Asia and Europe dating back as far as 40,000 years ago.38 These are shallow indents in the ground that are filled with stones and contain remnants of fibrous plant tubules. In several cases, such as the arid regions of the Chihuahuan Desert in the American Southwest, the remnants in the ovens are largely fibrous storage tubers of agave and sotol. It was estimated that these staple foods contributed to as much as 50 grams a day of the slowly digestible oligosaccharides and more than 200 grams a day of total dietary fibre. The indigenous intestinal microbiota evolved alongside the ancient diet of the people and utilised these slow digesting carbohydrates as food, rather than competing with the host for it. Our heavily processed diet today favours fast growing microbes that our bodies are still not accustomed to. With changing dietary habits, the intestinal microbes are evolving too. However, old relationships are difficult to abandon. Currently, evidence has suggested that a rise in the bacteria bacteroides and clostridia, and enzymes involved in cancer causing (carcinogenic) agent formation, accompanied by a low percentage of bifidobacteria, are often
 
 41
 
 b683_Chapter-09.qxd
 
 FA
 
 42
 
 10/14/2008
 
 10:43 AM
 
 Page 42
 
 wHO ARE WE? mICROBES THE PUPPET MASTERS!
 
 observed in colorectal cancer patients.39,40 It is also noted that chronic inflammation induced by intestinal bacteria can be instrumental in both the initiating rites and progression of many epithelial cancers. It is clear that we have yet to find a balance between the new immigrants and ourselves.
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 10 Are We Fat Because We Eat Too Much and Exercise Too Little?
 
 The general advice to prevent obesity is to modulate the energy intake from food and engage in more physical activities. However, it is common individuals who put on weight easily even when they are careful with their diets and exercise routinely. A US Program (DPP) funded study of 3,234 people at high risk for diabetes showed that a mixture of moderate diet and exercise carried out for about 30 minutes or more, five or more days per week, or 150 or more minutes per week, result in a five to seven percent weight loss. This small weight cut is sufficient to prevent and delay Type 2 diabetes, but it seems a rather small achievement in weight control for a considerable effort. There are other factors which may be involved in managing our body weights as well. In 2006, Jeffrey Gordon and his colleagues at the Washington University School of Medicine used metagenomics (method of global genetic analysis) to reveal that obese people have a higher ratio of Firmicutes to Bacteroidetes than lean individuals do.41–43 Firmicutes and Bacteroidetes are the two major phyla of bacteria in the colon. This raises the interesting possibility of obesity being linked to the ratio of indigenous microbes in our gut. The same research group identified a primitive bacterium (Archaean) Methanobrevibacter smithii (Fig. 21) in the gut, which digests complex carbohydrates that our digestive system could not degrade.44,45 It is like the bacteria in cow stomachs, which help the 43
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 Fig. 21
 
 The cellulosic fibre degrading bacterium Methanobrevibacter smithii.
 
 Fig. 22
 
 The fat-inducing adenovirus.
 
 cow to mill the cellulosic fibre in grass. This provides us with additional energy from complex carbohydrates found in the vegetables that we have consumed. When the bacterium was transplanted into mice, the animals put on more weight when fed on the same feed as compared with mice without it. This bacterium would have done a great favour for starving individuals who resort to eating tree bark and its roots, but for a well fed individual, it means excess energy input. More intriguingly, Nikhil Dhurandhar at Louisiana State University and his colleagues reported that relatives of the common cold virus, adenovirus-36 (Fig. 22) could cause animals and humans to put on weight.46–49 It was determined that 30% of obese people were infected by the virus, while only 11% of people of average
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 weight were infected. When human stem cells isolated from fat tissue were infected with the virus, the stem cells began to multiply and fill with fat.50 This implies that obesity could be contagious, thus giving the impression of heredity in the family. Indeed, laboratory animals infected with the virus spread it to their infectionfree cage mates within 12 hours. If viral infection is a major risk factor for obesity in humans, this could be good news. Obesity could be greatly reduced by vaccinating people against the virus or destroying it with antiviral drugs. Nevertheless we are left with the question of why the microbes would want the host fat. Perhaps the viruses want the fat cells to multiply, so that it could tap onto the growth mechanisms of the host cells to produce more viral particles. If this is the situation, would the host actually end up fat but yet starved of energy because the energy from the food consumed is channelled into fat cells, rather than made available for general physiological functions? Would the host constantly yearn for energy-rich food? Could it be that the microbes want the hosts to keep eating, much like the Black Death bacterium which wants the flea host to consume continuously? On the other hand, indigenous bacteria such as some strains of Bifidobacterium produce small proteins that induce the production of hormones (endocrine), which decrease the synthesis of fat in the liver.51,52 These microbes interfere with the energy metabolism of the host! What is the bacterium trying to do? Does it want the energy from the diet to remain in circulation, so as to curtail the arrival of competing new immigrants with food?
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 11 Our Indecent Liaison with Yeast
 
 Let us discuss another dietary factor that makes people fat- the high energy alcoholic beverages. The success of early human gatherers depended on whether they were able to gather enough fruits and edible plant parts for their families and social groups. To pick fruits that are ripe and ready for consumption in a forest is not as easy as you might think. A lot of trekking and local knowledge were necessary. The bright colors and subtle aroma of the fruits when ripe helped, but that could only be detected at really close proximities. It was here, that a mutant yeast gave our ancestors its assistance. In the Cretaceous period when tyrannosauruses roamed the lands, flowering plants began to develop fruits, which were rich in sugars. This is to encourage animals to feed on them and aid in dispersion of their seeds. The ancestors of the yeast organism jumped onto the bandwagon and feasted on the energy-rich fruits too. Like many microbes, the ancient yeasts used oxygen in the air and metabolised sugars almost to the point of releasing all energy fuel to support its cellular activities. In the absence of oxygen, yeast breaks down sugars to produce alcohol instead. When the transition happens, a lesser amount of energy is accorded to the yeast as most of it is trapped in the alcohol. Something went wrong with one of the ancestors of the wine yeast Saccharomyces cerevisiae some 80 million years ago.53,54 While dividing into two daughter cells, one of them received two copies 46
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 of the genome while the other had none. The empty-handed cell did not survive. The surviving cell underwent a whole series of genetic changes, including a rewrite of its control circuitry. The yeast that is to become the present day wine yeast gained the abilities to make alcohol and shut down oxygen consuming respiration even when oxygen is plentiful. This metabolic change could have been detrimental to the mutated yeast, because now the yeast could only use a small portion of the energy in sugar. But the mutation turned out to be crucial in its competition for resources with other jostling microbes. Alcohol is toxic and it killed the other competing microbial cells, winning the yeast cells their monopoly over the available resources and space. A further twist of fate turned this yeast into a “superbug.” An extra set of genes gave the mutant yeast a spare copy of the enzyme, alcohol dehydrogenase. The original function of the enzyme is to convert acetaldehyde, the product of sugar metabolism, into alcohol. The spare set of enzymes evolved in an opposite direction, to turn alcohol back into acetaldehyde. This new set of alcohol-toacetaldehyde enzyme is utilised only when the sugar level falls. Hence, our old Saccharomyces cerevisiae acquired the ability to turn the fresh sugar of a fruit into toxic alcohol, which gave the yeast a big competitive advantage. The pool of alcohol kills off the competitors and marks its territory. Once all the sugar is gone, the yeast turns the scale around, converts the alcohol back into acetaldehyde, which is processed with oxygen to reclaim the energy. What has it got to do with humans? Alcohol is volatile and has a distinct aroma. Any individual who has a sharp nose would be able to pick it up far away. Yeast grows on the sugar in the ripe fruits, so it is easy to see how our ancestors developed a liking for the scent of alcohol while searching for ripe fruits. The enjoyment that went with the mild inebriation further encouraged people to consume the energy-rich carbohydrate and yeast, which happened to be high in vitamins B and D too. This is particularly important to people living in the far north where there is little energy food, as well as sunlight for vitamin D synthesis.
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 So far, so good! However in the sunlit tropical and subtropical regions where sugar rich plant products are abundant, alcohol intoxication can be counterproductive, right to the extent of being destructive. Humans have to change our love affair with booze. In our bodies, we have the enzyme alcohol dehydrogenase as well, which breaks down alcohol into aldehyde. The aldehyde is then treated by the enzyme aldehyde dehydrogenase. Intriguingly, most of the people in the warmer and brighter Southern regions of China, Korea and Japan, have at least one copy of the mutant gene for aldehyde dehydrogenase, making the enzyme much slower than normal at clearing acetaldehyde from the body. Post-drinking symptoms of hot flushes and nausea make drinking an agony instead. As a result, there are significantly lower rates of alcoholism in the Southern regions than the North. Well, ever since humans began producing alcoholic beverages in huge varieties and quantities to consume at will, the Northerners can be intoxicated!
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 12 Who is the Father of Democracy?
 
 Democracy literally means “rule by the people,” in Greek, demos is defined by “people,” and kratos, “rule”. The seeds of representative democracy are very old, and were found in societies ranging from ancient Indian Mahajanapadas, Sanghas, Ganas and Panchayats, to certain bands and tribes such as the Iroquois Confederacy and Roman Republic. If the following scenario had indeed happened, the current practice of democracy might have actually been forced upon us. The year was 1346, in two Silk Road caravan stations, Astrakhan and Saray, along lower Volga River in the former Soviet Union; bales of marmot fur were opened for trading. A swarm of fleas, hidden in the fur, was released. They hopped onto any living organism they encountered, including humans, and started to feast on their blood. The fleas which happened to harbour a mutant strain of the Black Death bacterium Yersinia pestis, took the Silk Road traders hostage. The bacterium was a new mutant strain and humans had no prior encounter with it. Therefore humans had no immune resistance against it. After 7 days of incubation, whereby the bacterium multiplied in the human host, the Black Death broke out. The disease was carried westward via Don River to the Black Sea ports of Kaffa. In December 1347, the bubonic plague broke out in Sicily, Constantinople, Genoa and other Italian cities. By 1348, the Black Death reached France, where a ship carrying claret ferried the Black Death to Britain. In May 1349, a vessel left 49
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 London for Bergan in Norway. The entire crew was found dead upon arrival. Investigators took with them some of the ship’s cargo of wool, carrying the bacterium, that ensured the Black Death landed in Norway. From Norway, the disease went to Denmark, Germany and reached Poland in 1351, then Russia in 1352. The disease struck fear among the Europeans. The victims developed sudden high fevers, followed by a wide spread haemorrhage that blackened the skin (thus the term Black Death) and then coughed up blood. Half of those who displayed symptoms died within a week. People ran away from cities and isolated victims, but there was no escape. The bacterium was transmitted by fleas living on rats and humans, but not from human to human. Within four years, bubonic plague killed one third of the entire 75 million European population. The disease returned at least once every eight years over the next three-quarters of a century, wiping out almost 75% of the population. There is a children’s rhyme where the kids stand in a circle holding hands and sing: Ring-a-ring o’rosies A pocketful of posies “A-tishoo!” “A-tishoo!” We all fall down! When the last line is recited, the children drop flat on the ground. The rhyme originated from the days of the Great Plague of London. Ring o’rosie referred to the rosy haemorrhage associated with the symptoms of plague. Posies of herbs were carried during outbreaks and believed to ward off the plague. A-tishoo referred to sneezing at the final stages of the fatal disease. We all fall down meant that everyone died in the end.
 
 By the end of the Great Pestilence in 1665, we were left with a very empty Europe. There was little competition for food, shelter and
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 work. The wealthy quickly became wealthier as the survivors inherited fortunes from family and relatives; this sparked off the Renaissance years. Leonardo Da Vinci, Michelangelo, Raphael and other great artists could paint full time and became very wealthy. People in the lower levels of the social scale prospered too and more importantly, they gained negotiation power and political influence. It was not so much because the rich and powerful had turned kindhearted, but in order for them to generate wealth from their estates, there must be civilians and peasants working their land and providing the services expected by The Lord. The Black Death killed the wealthy as well as the poor and lower lot. The latter had more bargaining power as the demand outstripped the supply, thus presaged the shape and character of European politics of today, and perhaps, in all systems that practice “people’s power.” There must be major disease outbreaks in Ancient Asia and other continents too. The immediate question that springs to one’s mind may be, why wasn’t the same degree of “people’s power” enjoyed by these people?
 
 Fig. 23 On the left is an 18th century Western caricature ridiculing the cowpox virus vaccination for the induction of immunity against smallpox virus. On the right is an illustration from the 18th century traditional Chinese medical book “Mian Yi Lei Fang” (Formulas for the Immunity from Plague).
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 In the Middle Ages in Europe, major outbreaks of infectious diseases, such as the Black Death, smallpox, leprosy and even recently AIDS, were considered a punishment of the sinful from higher Divinity. Folklore medicine and the use of herbs were discouraged, and even labeled as witchcraft and faced prosecution. As late as the 18th century, the cow pox virus vaccine for smallpox was ridiculed in Western caricatures, whereas the inoculation of the smallpox vaccine was illustrated in a very different light in China (Fig. 23). Given so, the only thing one would logically do then, when the Black Death struck, was to pray for mercy. Some even welcomed the punishment. Outbreaks of the Black Death were documented in ancient Asia and even up to recent years. In the Asian continent and elsewhere, diseases are largely considered the doings of the devil, and medical service providers were saviours, to be talked and written about. Beating diseases was a heroic act. When people didn’t die easily, the lands became overly populated with regard to the supply of food and resources, and human life became cheap and expendable.
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 13 The Pseudo-Tyrants
 
 Let us talk about another much feared infectious disease, AIDS (Acquired Immunodeficiency Syndrome). AIDS was first reported in North America around 1980 and caught the attention of the world immediately. The sufferers literally wasted away and died horrendous deaths. In the following ten years, the number of AIDS sufferers in the USA escalated exponentially (Fig. 24). It was estimated that within two decades, the control of this tyrant would reach 20% of the USA population, and there was panic in the air. Ironically, the tyrannical master didn’t lay siege on North America, and the number of AIDS sufferers in the USA declined steadily from 1993 (Fig. 24). The agent that causes AIDS is the HIV (Human Immunodeficiency virus). It is almost impossible to get rid of the virus once it enters the human body. The virus infects the immune cells (macrophages and T white blood cells) in our body. If we try too hard to kill the infected body cells to rid the virus, we end up destroying our own immune system. Leaving the virus to its own devices would permit it to execute the immune cells that were infected as well. We are faced with a dilemma. Even if we attempted to neutralise the virus particles while they are extracellular and in our body fluids, we don’t respond fast enough.55 The HIV mutates rapidly. Before we can develop an immunity to the virus, it changes its surface epitopes (the molecules that are bounded by antibodies, also called antigenic determinants) and effectively turns into a new strain of virus (Fig. 25). That gives the 53
 
 b683_Chapter-13.qxd
 
 FA
 
 10:44 AM
 
 Page 54
 
 wHO ARE WE? mICROBES THE PUPPET MASTERS!
 
 25,000 Number of cases/death
 
 54
 
 10/14/2008
 
 AIDS
 
 20,000 15,000 10,000
 
 Death 5,000
 
 1985
 
 1993 Year of diagnosis/death
 
 1999
 
 Fig. 24 The trends of Acquired Immune Deficiency Syndrome (AIDS) cases and deaths in the USA since 1985.
 
 Antibody induced Altered surface molecule
 
 Escape mutant Antibody induced
 
 Escape mutant
 
 Mutant Antibody induced Original HIV
 
 Fig. 25 Human Immunodeficiency Virus (HIV) escapes recognition of the immune system by rapid mutation of surface proteins.
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 small number of viral mutants a window to invade new host cells and increase its number once again. We seem to be fighting a losing battle with this tyrant. In order to ensure transmission and maintenance of its stock, HIV has a long latent period, before the disease symptoms manifest in the host. The host passes HIV to other victims without knowing that he is a carrier of the disease, for an average of a further eight–ten years. During the latency period, which could be as long as 20 years, the virus wears down the immunity of the host gradually (Fig. 26). The endurance a person has against HIV is determined by his genetic makeup (Fig. 27). Some individuals develop immune reactions toward the conserved epitopes (which do not mutate rapidly) on HIV. And since these epitopes are conserved and change little with time, the immune system of the infected victim is then able to suppress the spread of HIV in the body. In this case, every time new HIV particles are released from infected cells, the specific
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 HIV antibody
 
 HIV
 
 2 weeks 2 months HIV infection
 
 10 years AIDS
 
 Fig. 26 From Human Immunodeficiency Virus (HIV) to Acquired Immune Deficiency Syndrome (AIDS).
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 Fig. 27 The speed of progression to Acquired Immune Deficiency Syndrome (AIDS) among the Human Immunodeficiency Virus (HIV) infected individuals.
 
 antibodies circulating in the blood neutralise most of the viral particles before they can re-infect other cells. Unfortunately, there are others who develop antibodies against mutable epitopes and are locked in an endless pursuit. They are briskly exhausted of immune cells and AIDS could flare up as soon as two years after acquiring HIV. HIV is transmitted via body fluids (semen, blood), often through sexual activities, which humans just cannot seem to do without. The tyrant knows humans too well and we are at its mercy. The HIV is so confident that it does not need to stay outside the human body for long. It is such a waste of energy and effort to sustain itself outside the host’s body when it can be transmitted directly from human to human. It was exactly that, which brought about the downfall of the tyrant after it was studied and understood by humans. The effective use of a condom or a clean needle for injection eliminates a germ line of the virus. HIV spreads readily only when humans have insufficient or no knowledge of relevant medical sciences. The virus has underestimated us.
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 14 Did HIV Learn From Smallpox?
 
 Simon Pierre stated in 1955 that smallpox is “a sickness that no medicine could cure, and no person could escape.” Historically, the contagious variola major, the severe and most common form of smallpox, has an overall fatality rate of about 30%. It was feared in the old days as much as AIDS is feared today. The association of smallpox with humans goes a long way back. It is believed to have appeared at the time of the first agricultural settlements in north-eastern Africa, around 10,000 BC. After its encounter with humans, smallpox quickly evolved into a “crowd disease” and spread from human to human among densely populated communities. This strategy worked well for the last 12,000 years, until recently. Smallpox spreads through direct contact with infected body fluids (blood, saliva and exudates from skin pumps), or contaminated objects such as bedding and clothing. Humans are the only natural hosts of variola. Animals are too low a form for the virus! That snobbishness has caused the extinction of smallpox. Vaccination renders immunity to the pathogen. It is not necessary to immunise every individual in a population, but when herd immunity is established, the disease is not able to spread and persist in the community. Let us now talk about the concept of herd immunity.56 Assuming that in a community of 100 people, 20 of them are susceptible to a disease and die of infection, whereas 80 of them are resistant to the disease either through immunisation or due to a natural resistance. 57
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 Also assume that a sick person is in contact with five healthy individuals. If all five of them are susceptible to the disease (that is five out of the 20 susceptible individuals, a very low probability), the number of sick patients increases to six, and the disease turns into an outbreak. If only one out of every five people in contact with the sick person is susceptible to the disease, then the disease would dwell at a low level in the population and there wouldn’t be any major outbreaks. Since the majority of the population is resistant to the infectious disease, there is a high chance that all five people in contact with the sick person are resistant to the disease. The disease agent has therefore died with that one patient, or the patient recovered and the disease naturally disappeared from the population. The resistant majority now protects the susceptible minority of the population (Fig. 28).
 
 Sick person
 
 Immunized population
 
 Susceptible population
 
 Fig. 28 Herd immunity: Immunized human population protects the susceptible individuals.
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 One may argue about the futility of keeping fragile beings in the human population. The reason is simple: the smallpox-susceptible populace may possess a resistance to other diseases or environmental conditions. This population genetic diversity ensures that no pathogen is versatile enough to attack more than a minority of its potential hosts. Yet, in a community of genetically identical individuals, the introduction of a lethal infectious disease may wipe out the whole human population. Effectively, diseases encourage genetic diversity. Sexual reproduction, which mixes the genetic makeup of the human population, is essential for their survival. For most people, it is a big deal selecting mating partners, and individuals spend a lot of time and effort looking for desirable mates, through looks, scents, feelings and social backgrounds. Smallpox is now eradicated after a successful worldwide vaccination program. The last case of smallpox in the United States was in 1949. The last natural death due to smallpox was the case of Ali Maow Maalin, a cook in Somalia, Africa in October 1977. The last person to die of laboratory smallpox infection was a British medical photographer, Janet Parker, following a leak in a Birmingham laboratory in 1978. The laboratory leakage prompted the debate among the scientific communities and health regulatory authorities on whether the smallpox virus in culture collection centers should be destroyed since the disease had already been eradicated. There was no consensus, and the freeze-dried samples of the virus are still kept at the Center for Disease Control and Prevention (CDC) in Atlanta, USA and the State Research Center of Virology and Biotechnology VECTOR in Koltsovo, Russia. The arguments are as such: Those who favour maintaining the Smallpox virus stock argue that the smallpox virus is a unique human pathogen that would allow scientists to study the interactions between pathogens and human tissues. And one can never tell when the virus is going to surface again either naturally, or with the participation of mankind (terrorists). Having the virus stocks will allow us to quickly produce a vaccine for our own protection.
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 More importantly, culture collection centres that have the smallpox virus in their collection have a legal and ethical obligation to maintain the microbial stocks that are deposited by scientists who isolated them, a trust that should not be breached. For those who are against keeping the smallpox virus stocks, they argue that molecular biology has advanced to a stage that it is only necessary to keep the DNA of the smallpox virus for further studies and there is no need to keep the entire virus. If there is an outbreak, the rampaging virus strain could be isolated easily and quickly. The production of a vaccine is then the bottleneck, not the isolation of the virus. There is always a possibility that a lethal virus stock may fall into the wrong hands. The US anthrax scare in 2001 was an example.
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 15 Why Are Some Pathogens More Willing to Kill the Hosts Than Others?
 
 It was pointed out by Paul Ewald of the University of Louisville and Bruno Walther of the University of Copenhagen that there is a direct correlation between the mortality and survival rates of human respiratory pathogens.57,58 The six most deadly airborne pathogens, causing smallpox, tuberculosis, diphtheria, whooping cough, pneumonia and flu, are able to survive the longest outside the human body. These pathogens can afford to sit back and wait for their victims to come to them. Likewise, the deadly water born cholera bacterium survives through winter in platonic organisms in water, and the malaria parasite lives in mosquitoes. These deadly pathogens could not care less whether their hosts become delirious, or survive their attack. Their priority is to propagate, spread quickly in the bodies of their hosts and then escape. The cholera bacterium does so by producing toxins to entice its host to have diarrhoea and discharge it when its number in the intestines is high enough; whereas a host immobilised by malaria is a helpless target for mosquitoes. Personal and environmental hygiene and modern medical treatments help to reduce the chances of this group of human pathogens from spreading and causing an epidemic. Microbial tyrants have to learn that it does not pay to ensure their survival by increasing the mortality of the host.
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 For the human pathogens that are transmitted through coughs, sneezes and direct contact, they need the human hosts to be up and about to spread. The many hundreds of viral and bacterial infections, collectively referred to as the common cold, do tend to be innocuous.
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 16 SARS Virus, The New Kid on the Block
 
 The Severe Acute Respiratory Syndrome (SARS, Fig. 29) virus causes serious illness and death but it does not survive long outside the hosts. The SARS virus seems to be taking the exact opposite approach compared with most human pathogens! The SARS virus can infect humans, bats, cats, dogs and other animals, but commonly transmits between humans through direct contact. The virus does not survive outside the host for long, and it needs to have a large number to cause an infection in humans (low infectivity). Hence keeping the window so open at a SARS hospital ward is an effective way to clear the air. Similarly in an airplane cabin, sitting two rows away from a SARS patient effectively dilutes the viral particles in the air enough to prevent an infection. One needs to be in close and prolonged contact with a SARS patient, to contract the disease such as an immediate family member or medical care provider. When the SARS outbreak was first reported in Asia in 2002, the mortality rate among SARS patients was as high as 15%! The virus was asking for trouble and we could tell that SARS was probably a newly emerged zoonosis that jumped from animal to human. We had never met the SARS coronavirus before, and both the pathogen and host did not know how to react to each other. Patients who responded strongly to the infection ended with severe inflammations and damage of the lung tissues and died. Those who did not respond to the infection allowed the virus to propagate in their lungs 63
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 Fig. 29
 
 The Severe Acute Respiratory Symptom (SARS) virus.
 
 and eventually be expelled through coughing, causing the person to become a “super-infector,” spreading the virus to others but not necessarily causing death. The progression of the epidemic is predictable. Dead patients brought along with them the viral strains that induced severe inflammatory reaction, whereas those strains which did not induce hyper-inflammatory reactions were able to increase in number and spread in the susceptible population. With time, the hosts built up a resistance to the virus. The interaction between the host and pathogen veered toward disease resistant individuals and milder pathogens. At last the dreaded SARS disappeared after just one season. The virus attenuated and turned into a groupie of the common cold disease.
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 17 Who is Afraid of Bird Flu?
 
 Flu viruses (Fig. 30) infect the respiratory tissue of the host, causing flu-like symptoms, which include fever, headache, cough, sore throat, nose congestion, sneezing, body aches and chills. Every year there are about three in 100,000 people die from flu in developed countries. Most at risk are those aged 65 and above as. They are 11 times more likely to die from flu. During the 1918–1919 flu pandemic, more than 20 million people died from the disease worldwide. Flu is no laughing matter! Flu viral particles have a surface protein molecule termed haemagglutinin (H), which helps them to hook onto the surface of host cells and invade them. It is named haem-aggluti-nin because it was first observed to aggregate (cause agglutination of) red blood cells in laboratory studies, “haem” being the ironcontaining component that makes up the red colour of blood cells. The different H-molecules allow the respective flu viruses to invade different host cells. For example, H5, H7 and H9 hook onto bird (avian) cells, whereas H1, H2 and H3 invade human cells. So, a normal H5 bird flu virus is incapable of invading human cells to the point of causing disease. A very large number of viral particles have to be inhaled, such as directly from a sneezing chicken, to result in an invasion. In order for a bird flu virus to invade human cells, the structure of the bird flu H molecule has to mutate and transform substantially
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 Fig. 30
 
 The flu virus.
 
 to resemble that of a human flu virus. This is called “genetic drift” and it takes a long time to change sufficiently, so no worries! In 1997; for the first time, a bird flu virus H5N1, found in Hong Kong, was able to infect humans. There were sufficient changes in the structure of the surface protein to succeed in the infection of human tissues. This could be the result of a “genetic shift” of the virus. The H molecules of chicken and pig flu viruses are relatively close. A contaminated chicken could have infected a pig with chicken flu, since chickens and pigs are kept together in farmhouses in Hong Kong and the southern part of China. When a sick farmer sneezes, the same pig unfortunately, inhaled the f lu viruses. As H molecules of human and pig flu viruses are relatively similar, the flu viruses adopt the reproduction mechanisms in the pig cells to propagate. In the process, the genetic components of the chicken and human flu viruses fuse within the pig cell, forming a new virus which could infect both chickens and humans. It is the kind of alien-human hybrid depicted in the movie “Aliens.” Before the 1997 bird flu outbreak, humans had never been in contact with the viral strain, and had little resistance toward it. As a result the outbreak killed six people. Fortunately, the changes in the bird flu virus were sufficient to cause infection only in people who were in direct contact with the sick animals. The Hong Kong outbreak
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 stopped after the slaughtering of tens of thousands of chickens- the source of the infection. The bird flu virus that is involved in the outbreak of bird flu worldwide since 2004 belongs to the subtype H5N1 as well, but is of a slightly different variant. Through migratory birds, it has transmitted across Asia to the whole of Europe, Africa, Australia and America. Although there is no outbreak of bird flu among humans, if the virus is not eradicated from the infected birds, it is only a matter of time that the genetic shift could happen once again, timing bird flu virus into a human virus! Many wealthy countries are stocking up anti-flu drugs. These drugs lock the newly formed viral particles within the infected cells. In the H5N1 subtype mentioned above, the “N” stands for neuraminidase. It is the enzyme responsible for corroding the cell wall of the host cells, in order that the virus to be released from the infected cells into the surrounding healthy cells. There are nine different subtypes of “N”, from N1 to N9. However, drug resistant flu viruses have been reported. Production of a vaccine for the bird-human hybrid flu virus is not possible, as the hybrid monster has yet to materialise. In a hypothetical outbreak, it would take about a year using the conventional methods to produce a vaccine. Those who are infected by the hybrid virus in the first year, before an effective flu vaccine is mass-produced, would have to rely on their own immune resistance to ward off the virus. We should be very afraid!
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 18 Why Do Microbes Want to Colonise the Human Body?
 
 Most microbes live in the natural environment, outside human body. Only less than one percent of microbes invade living human tissues causing diseases. Why would microbe invade human? To start with, the human body provides great accommodation. The temperature is always maintained at 37°C, and there is no lack of food and water. However, it is a tall task to invade the human body. The body is covered with a tough layer of skin. Unless there is an opening (cut, abrasion or insect bites) on the skin, most infectious microorganisms opt for the soft mucosal surface of the intestines, urogenital tract and respiratory tract as the portal of entrance. Even here, the microbes have to consume the mucus to gain access to the underlying epithelial surface. Humans do learn a trick or two after long years of association with such pathogens. The sugar fucose is a component of the surface mucus. Many pathogens can degrade the mucus, releasing fucose on the way to the surface cell layer for invasion. Liquefied mucus serves to disperse the pathogens. Therefore a runny nose often accompanies cold and flu. The presence of free fucose on our mucosal surface implicates the degradation and breaching of the mucosal protective layer, which is a danger signal. The intestinal epithelial cells respond by producing cytokines to increase the activity of the immune system even before the invasion of harmful 68
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 Fig. 31
 
 The strep throat bacterium Streptococcus pyogenes.
 
 pathogen occurs.59 It is very much like fortifying our border defences at the first sign of military activities on the opposing side, before an actual invasion launches. Once inside the human body, the microbes are surrounded by the ever-vigilant immune cells and antibodies. A successful pathogen onslaught has to be in huge numbers to avoid being recognised by the immune cells, and an immediate clearance by them. Indeed, many surface molecules of human pathogens mimic those of human tissues. A classic example is the bacterium Streptococcus pyrogenes (Group A streptococci) (Fig. 31), which causes throat infection and inflammation. Chronic infection results in an accumulation of antibodies against the bacterium in the blood. Some protein molecules on the S. pyrogene surface mimic the proteins on the human heart tissue. It is a matter of time that the antibodies cross-react with human heart valve tissue, the action collapses the heart function and possibly leads to death. A seemingly innocuous throat infection that refuses to go away is not a laughing matter that could be shrugged off. Doesn’t this have an uncanny resemblance to the human war strategies of “attacking with superiority in force,” “element of surprise,” “disguise” and “infiltration?” We can learn quite a few things from the good old microorganisms, if we care to understand them.
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 19 Does the Ability to Love Make Humans Different From Lower Forms of Organisms?
 
 Love and sacrifice are often cited as being unique among humans and higher forms of life, and they mark the difference between humans and the lower forms of life. Are they? The following observation may suggest that altruistic expressions may be deep rooted in single cell organisms. No doubt only human beings write beautiful stories about it. For the longest time, yeast has been applied as a flavouring agent. The yeast cells are subjected to environmental shock, such as starvation and heat in the flavour production plant. What happens next is mind-boggling. The yeast cells then lyse themselves (autolysis) to release fragments of peptides (short fragments of protein), where the flavor comes from. The process of autolysis involves the synthesis of a complex array of protein hydrolytic enzymes, which practically solubilise the yeast cells. Why would dying yeast cells invest energy and resources to synthesise some elements before breaking themselves down? Living organisms stoically try by all means to cling onto their lives. Under stress, plants flower to produce seeds, some bacteria such as Bacillus and Clostridium and fungi produce resistant spores (Fig. 32) to keep stock. It is interesting in this case, that the dying yeast cells digest themselves! 70
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 Does the Ability to Love Makes Humans Different
 
 Bacillus
 
 Fungus Clostridium
 
 Fig. 32
 
 The spore-producing Bacillus, Clostridium and fungus.
 
 This is the explanation. When a yeast population senses a looming crisis, for example starvation, which may lead to the extinction of its gene line, the gene of autolysis within it is activated and committed to autolysis. It gives remaining cells additional resources and a chance to pull through the crisis. The process of autolysis and self-sacrifice is gene regulated. Love and sacrifice are basically gene regulations for the purpose of saving the population. The sense of reward in committing such an act among humans is nevertheless influenced by the culture and its social expectation.
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 20 Microbes Kill for Their Offspring!
 
 In 1928, the British scientist Alexander Fleming observed and reported that an accidental contamination of the mould Penicillium (Fig. 33) on his culture plate of bacterium Staphylococcus (Fig. 34), killed the bacterial cells around the mould colony. The antibiotic penicillin was subsequently isolated and found to inhibit the formation of cross-linkages in the peptidoglycan backbone of the cell wall of bacterial cells. Cells take up small nutritional molecules from the environment and use them to synthesise large molecules for cellular functions and the synthesis of cell structure. These small and big molecules accumulate in the cells to create an osmotic pressure, which draws
 
 Fig. 33
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 The penicillin-producing mould Penicillium.
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 Microbes Kill for Their Offspring!
 
 Fig. 34
 
 The bacterium Staphylococcus.
 
 water into the cells. The cells expand and would eventually burst if there were no solid cell walls to hold the different sizes of the cells. The bacterial cell wall determines the shape and size of microbial cells. Cells without functional cell walls lyse and die. Antibiotic penicillin takes advantage of this fact by preventing a proper production of the cell wall. Human cells do not have cell walls, so there are minimal side effects. The human body is essentially a bag of isotonic fluids (plasma) in which our body cells are submerged. Inside and outside the cells, the osmotic pressure is the same. Penicillin production may first cross one’s mind as the clever mould which produces penicillin to kill the competitors around it, so that it could monopolise the space and resources. Well, the problem with this assumption is that antibiotics are secondary metabolites. Antibiotics are produced only when cells have stopped growing, even when no threat from any competitor exists, much like storage products. If penicillin is used as a weapon in the competition for resources, it should have been produced while the mould was growing rapidly. What is the point of firing heavy artillery, killing everyone around when you are dying? Plants store starch in leaves and tubers, humans store glycogen in human liver and muscle cells. However, penicillin is an unlikely storage product as the synthesis of penicillin involves more than 20 enzymatic steps from glucose. Starch and glycogen synthesis from
 
 73
 
 b683_Chapter-20.qxd
 
 FA
 
 74
 
 10/14/2008
 
 10:47 AM
 
 Page 74
 
 wHO ARE WE? mICROBES THE PUPPET MASTERS!
 
 glucose involves only three groups of enzymes. It does not make sense to synthesise such a complex storage product through so many enzymes, which makes it difficult to draw upon in time of need. Besides, penicillin is excreted from cells and diffused away. It may however make sense if penicillin is produced to clear the field of bacteria, so that the spores of Penicillium could flourish when the environment turns favourable one day. In times of crisis, the mould Penicillium spends the last bit of resources to produce antibiotic penicillin to ensure the survival and prosperity of its children! So, the bacteria do not have any chance in the struggle for domination? No, bacteria cannot be hapless weaklings if they are the predominating organisms in the biosphere! The bacteria counter-acts by producing the penicillin-degrading enzyme β-lactamase. Penicillin resistant bacteria are generous in sharing their β-lactamase gene with other unrelated bacteria through plasmid transfer; equipping its kind. It looks like Penicillium is losing the battle! Not quite. In the absence of penicillin, β-lactamase does not serve any useful function and becomes a metabolic burden for the bacteria. The gene on the plasmid is abandoned quickly, so that the bacterial cells could use the resources for more important causes. The bacteria then become penicillin sensitive again. Every microbe has its day!
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 21 Does Your Blood Type Determine Your Fortune?
 
 Fortune tellers tell you that you are a kind, gentle, generous person because of your blood type. What determines your blood type then? Your parents’ genes of course! But why are there blood types? The main blood types are A, B, AB or O. In general, type O lives more among the Africans, type A among Caucasians and type B among Mongolians. Blood type O is believed to be the oldest group. Type A appeared between 25,000 and 15,000 years ago, coinciding with the advent of agriculture. Blood type B evolved between 15,000 and 10,000 years ago after the human race migrated from the African homeland to Europe, Asia and America. Blood type AB emerged only in the last 1,000 years through the intermingling of disparate type A and B groups. Less than five percent of the world population has this blood type. Robert Seymour and his colleagues at University College London suggested that this diversity in blood types is caused by the selection pressures imposed upon human populations by the prevailing microbial pathogens in the environment.60,61 Viruses invade host cells and make use of the host’s synthetic mechanism to integrate their structural and genetic components. When they emerge from the host cells, many viruses take with them bits of the host cell membrane and incorporate them into their outer capsule.62 For example, the measles virus picks up a signature chemical molecule specific to each blood type as it bursts out of the 75
 
 b683_Chapter-21.qxd
 
 FA
 
 76
 
 10/14/2008
 
 10:48 AM
 
 Page 76
 
 wHO ARE WE? mICROBES THE PUPPET MASTERS!
 
 infected cells. This makes the viruses susceptible to attacks by the antibodies in people with different blood types. Type A has anti-B antibodies; type B has anti-A antibodies, whereas type O has both, and type AB has none. Thus, viruses emerging from type A and B cells are neutralised by type O blood, but type A or B blood cannot neutralise viruses that merged within type O cells. This means that type O people are good at transmitting viruses to people with A or B blood groups, yet the type O people are better protected from these viruses that had infected A, B or AB individuals. The bottom line is, after the emergence of blood types A and B from the mutation in the original O blood type, viral infections keep the blood type O population dominant. If this is the case, what are the reasons for the accumulation of blood types A and B among the Caucasian and Mongolian populations respectively? Here, bacterial infections come into the picture. For bacteria to infect humans, the bacterial cells have to adhere to the epithelial cell surface. The receptor structure on the epithelial cell surface often contains a sugar that is specific to each blood group. A bacterium that has the intention to turn into a human pathogen would evolve to attach to sugars specific to the predominant blood type in the human blood groups to improve their chances of infection. So since bacteria tend to infect people with type O blood in the ancient human population, the type A or B numbers began to increase. Deaths due to microbial infection in developed countries today have diminished to a level that is insignificant compared to the increasing proportion of those caused by cardiovascular disease and cancer. In the developed countries, it is expected that the ratio of the different blood types is determined by the birth rate of the respective blood groups. Similarly in the same countries, the prevalent infectious diseases may alter the ratio of blood groups.
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 22 A Human Body Without Microbes?
 
 If there were no microbes, there would be no infectious diseases, no food poisoning, and many autoimmune diseases would not be triggered. Modern medical sciences have successfully prevented the transmission of disease-causing pathogens via common hygiene practices, and the sterilisation of food and water. The body’s immunity defence is boosted through vaccination and a balanced diet. Invading pathogens are effectively eliminated by antibiotics and medications. Hence infection is no longer a major death-causing disease among people in developed countries. The unfortunate truth is that we are so used to microbes that we cannot do without them. How do we know that? In the last hundred years, the shifts in the human disease pattern, owing to our biomedical advances and practice of good hygiene, left a trail of benefactors and casualties that tells such a story. Our ancestors rolled in mud and ate from dirt, most of them had a short life span. The life expectancy during the early Roman Empire was only 25 years! Today we clean ourselves meticulously and sterilise our foods. The life expectancy in developed countries has been increasing by about four years in every decade since the 1950s. In the early 1950s, the life expectancy in the developed countries was about 60 years old, today in the second half of the 21st century, the average life expectancy is 80 years, with women living two years longer than men. All seems well and happy! However, a closer look at the disease profiles shows that despite the drastic 77
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 Developed countries today
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 Fig. 35 The causes of death in the old days and today in the developed countries and developing countries.
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 Fig. 36 Inverse relationship between the incidence of infectious diseases and immune disorder diseases.
 
 decrease in infectious diseases over these years (Fig. 35), some things went terribly amiss. Asthma, diabetes, multiple sclerosis and Crohn’s disease increased by some three to four folds (Fig. 36)! These are allergy and autoimmune diseases. A wide variety and number of microbes hover around us. A small number of the microbes cause diseases but a lot of them talk to us and our bodies often listen and respond positively. The cross
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 talk is going on all the time. With our advancing knowledge of human pathogens, an infectious disease is no longer a major cause of death in humans, with thankfulness to the continuous efforts of microbiologists and clinical scientists. It is about time we accept the majority of microbes as bedfellows who we are attached to for life. We should listen carefully to their needs and demands, and in return they would look after our welfare. Of course, we cannot possibly roll in the mud and eat from the dirt like ancient man. We have yet to reach the stage where we can design and populate our body surface with the desired microbiota. However, we may facilitate the establishment of the body bacteriamucosal barrier and an immunity against diseases. This could be achieved by having physical contact between mother and her infant during birth and infancy, eating to encourage the establishment of normal body microbiota, and being in contact with the natural environment.
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