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Our Bodies: Why you and I are walking chemical reactions

Reach out a hand into the air and you have sliced your way through the chemicals that make up the air that we breathe. Breathe in this air and it will flow over the chemical that is water lining your nostrils and float into your lungs. The air will pass over the chemicals making up your lung tissue and into the chemical, water, that makes up the bulk of your blood. The oxygen will be extracted by a chemical in your blood cells and shuttled into your organ cells to set off a chain reaction of life-supporting chemical events that allow you to take a second breath and then another breath, until the very end.

Every moment of every day, our body’s chemicals are whispering to each other, egging each other on, carrying other pieces of chemicals around, making new chemicals and destroying old chemicals. There is a constant hum of chemistry from the moment we are born until the moment we die. In sleep and wakefulness, the chemistry in our bodies never fails to give of itself to keep us in our standard operating mode. Even in ill health, a whole new set of chemicals take over to produce an illness and, more often than not, ensure a recovery.

Like all of the world’s living organisms, we humans are a collection of cells. We pride ourselves on our fabulous intellect, telegenic good looks, wicked sense of humour and all the other status-elevating attributes that we hold so dear. But in essence, we are simply a bag of cells. We are a bundle of tiny units about a tenth of the width of a human hair, all stuffed full of chemicals.

These in-the-cell chemicals are in a constant state of activity. During the time it took you to read these last sentences, millions and millions of chemical reactions took place in your body. This is chemistry our body would only notice if it stopped working. The chemistry in our bodies is what makes us biological living and breathing beings. Essentially, underneath a thin layer of our biology lies a complex layer of chemistry that makes us the wonderful and varied persons that we all are. Our biological make-up is important, but the underlying chemistry is what makes us work.

We are made up of various organs, such as our skin, hearts, livers, kidneys, brains, and a whole host of tiny other organs. Even our blood is really an organ, just not a solid one and all of them have one thing in common: they are all comprised of cells. The cell is the fundamental unit of our existence. Cells are, in turn, composed of a bunch of separate compartments called organelles. It really is like a Russian doll with bits inside bits inside bits. Our cells and all our cell’s organelles are made up of molecules, all uniquely arranged to deliver our happiest of days and the sad ones too. Each of our molecules has a job to do; some functions are known and some purposes are yet to be discovered.

In this chapter, we will get to know these hard-working chemicals and the chemical reactions that keep our bodies alive. The chemicals that we will focus on are water, fats, proteins, DNA, carbohydrates and other molecules such as dopamine that makes us feel good. We will also look at what happens when proteins go wrong and how they misbehave when our genes fail to get the correct memo and instead go awry. Our bodies are miraculous – but it doesn’t take much to tip them from wonderful to woeful.

*

Sometimes, it takes a personal experience to really appreciate the difference between two chemical compounds. Mine came when I was submerged in an overwhelming mass of water. Air? Water? All that sits between them is chemistry.

Filling my lungs with water instead of air seemed the easy way out of a struggle to earn my ten yards swimming certificate. As an exhausted 11-year-old, hearing the muffled shouting of a group of teachers, swimming coaches and already triumphant classmates only served to accentuate my helplessness. I could feel myself sinking to oblivion and could do very little about it. Drowning, I thought, would be much easier than swimming. However, with bursting lungs and much vigorous splashing, my outstretched fingers suddenly grasped the edge of the swimming pool wall. I could now fill my lungs with fresh air instead of succumbing to a chest full of water. Cheering and clapping told me I hadn’t drowned. I got my ten yards swimming certificate that day but I still cannot swim.

Water is a fundamental part of our very existence. We simply could not live without this remarkable chemical compound, and I am not just talking about drinking, cooking and cleaning. Water is everywhere. Around 70 per cent of the Earth’s surface is covered in water.9 Most of our body mass is actually water.10 In essence, we consist of about 50–60 per cent water. Though the bad news is that, as adults, we dry up as we grow older, mostly because we gain weight as we age without gaining any additional water.11 Water lies in the most obvious places in our bodies, such as our blood, stomach, intestines and urine, but we can also find water within our cells and between our cells. Water is ubiquitous and allows the chemicals that make us to flow from one point to the next. It provides the transport – the waterway of life.

Water is therefore a useful molecule to showcase what bonds actually do, how strong they are in the real world around us and how these bonds facilitate our everyday lives. We know that water is comprised of two atoms of hydrogen and one atom of oxygen all bonded by covalent bonds. Hydrogen and oxygen are both gases, but water molecules form a liquid. Water is a liquid because the different molecules of water are engaged in those friendly, but weak hydrogen bonds. These weak hydrogen bonds slow the molecules down and this limited molecule mobility makes water present itself as a liquid and not a gas. In oxygen gas, the oxygen molecules, comprising two atoms of oxygen, are not tethered to each other by hydrogen bonds and so they are more mobile. Since the oxygen molecules spend their days darting about, oxygen presents itself as a gas.

As well as water, we have a lot of essential fat molecules in our body. We are not often told this, but fat molecules in our bodies play a very important role as they encircle our cells and keep all the different parts of our individual cells close to one another and in one location. The fat molecules work together to form tiny little membranous bags that keep our cell contents intact. These perimeter fat molecules are relatively small, about the size of a sugar molecule. Molecules, just like clothes and houses, come in different sizes and their size affects how they behave. Smaller molecules move faster and are more likely to be gases for example. Whereas hydrogen is the smallest molecule in the world, sugar molecules are some of the smallest molecules encountered in our homes, outside of the gases that make up air.

Back to the fat molecules lining our cells. They line up, side by side on the outside of our cells in something of a circle, head touching head and toe touching toe. They are like little soldiers keeping guard over the cell, ensuring that intruders are kept out and the good molecules do not escape. They also neatly separate the water outside of our cells from the water inside of our cells. Our cells’ health, and thus our own health, are dependent on the composition of their contents being just right – not too this and not too that.

We have other fat molecules, those ones that are always in the headlines, hogging the limelight, because, quite simply, they make us fat. These more famous fat molecules sit in specialised fat cells, and this fat content is what we try to reduce when we go on a series of largely pointless low-calorie diets. In my opinion, it’s high time we redress the balance and give some credit to the important fat molecules that encircle our cells. So please applaud them. They deserve our respect.

*

When I first arrived in Nigeria from London at age 13, I was blissfully oblivious to the scale of the change I would experience. My new secondary school in Owerri was a series of squat, single-storied, zinc-topped buildings arranged carefully around a red dusty courtyard, with grass only available in a hidden corner. The dormitories behind the school were aptly named after Catholic saints, in the vain hope that this would make them more comfortable to live in. Yet I loved the place. Boarding school was an adventure and although I was the object of much curiosity, not all of it pleasant, I enjoyed being away from home, most of the time. The girls in my class were all older than me, having lost school years to the civil war. Hierarchies were strictly enforced and were based on age. Since I was a new arrival and I lacked wartime experience the others had (which put me at a distinct disadvantage), I rapidly realised that my social survival was linked to winning over my older classmates.

In this unenviable situation, I did the only thing I could think to do under the circumstances – I resorted to the age-old disarming tactic of being the class clown. I have no idea how effective this clowning actually was, but I do know that I was not bullied all of the time, and that I got through the whole social experiment of being a square peg in a round hole relatively unscathed.

What motivated me to clown about? An incredible molecule called dopamine. A belly laugh from my audience gave me pleasure and confidence in equal measure and made me go back for more. That’s because dopamine governs our motivation and search for joy, as well as being essential to our survival. This little molecule of joy lives in our brains. The desire for pleasure is so strong that we are happy to experience pain if we know joy will come at the end, the rainbow after the rainstorm.

I love to socialise with my family and friends. I love to eat delicious meals and particularly look forward to snacking in between meals too. I love an alcoholic drink on some nights, and I love other things too. All this love happens because there are chemicals in our brains that make us feel wonderful. The cells in our brains are constantly making small molecules and using them to speak to other cells, urging these other cells to take some useful action.

Our brain cells, known as neurons, are uniquely special. Neurons are arranged so that there is a little space between them called a synapse. When stimulated, our brain cells flood these synapses with a plethora of molecules known as neurotransmitters, and this causes a downstream cacophony of events that ultimately direct our life. There are loads of these neurotransmitters floating about in our brain’s synapses. They act as messengers telling other cells exactly what they have to do. These neurotransmitters send such a strong message that other cells simply cannot ignore the instruction. In our brains, as in the rest of our body, there is always something going on, and its normally going on in the chemistry realm.

Before we talk more about dopamine, let’s introduce the concept of the neurotransmitter. For example, our brain cells make a compound or molecule (we can use the terms interchangeably) called acetylcholine. Acetylcholine tells other cells to get together and effect a muscle contraction, which is useful when you wish to squeeze urine out of your bladder when you go to the bathroom. Without acetylcholine’s release, various muscle movements around the body would be impossible. Or there’s norepinephrine, better known as adrenaline, which tells our heart cells to work together to effect extra strong heart contractions, pumping blood rapidly throughout the body, when we have to speed away from danger. Away from an assailant in hot pursuit, perhaps.

Dopamine is one of the most interesting molecules of all. It is not the most studied molecule, but it is jolly interesting. Dopamine is made in our bodies from tyrosine, an amino acid that we obtain from the proteins in our diet. It is a beautiful molecule as it ensures that we appreciate the beautiful experiences in our lives. Dopamine also helps us coordinate movement, so it makes sense that it is the missing molecule in Parkinson’s disease, a condition characterised by profound movement difficulties involving stumbles, rigid standstills and involuntary jerks. However, dopamine also has a more interesting side hustle. Dopamine is released into the synapses of the reward centres of the brain when we do something pleasurable, making us experience pleasure, and this makes it an important motivating molecule.

When we engage in enjoyable activities, such as eating, having sex and having positive social interactions, dopamine’s release into our synapses makes us feel good. The extremely pleasurable feeling means that we want to eat, have sex and have the social interaction all over again. We can go on and on like this until we simply cannot repeat the pleasurable exercise for various reasons: e.g. satiety, fatigue or absence of the source of pleasure. There are many small molecules, smaller than a molecule of glucose (a really small molecule), that are pressed into service every millisecond of every day in our cells. Dopamine is just one of them, but it is extremely powerful and plays positively into our lives in all kinds of ways, some less obvious than others.

*

The next interesting group of chemicals in our bodies is our proteins. Not the protein shakes beloved of body builders and super active types, but the proteins that make up our cells. We cannot exist without these proteins as they do all of the work – and I really mean all of the work in our cells. As a group, they are the most hard-working chemicals in our body. Enzymes are proteins, and enzymes make processes happen in our cells by speeding up chemical reactions so that they happen in an instant. Take the digestion of food for example: without enzymes, this would take so long that we would simply die of starvation.

Within our blood, the most abundant protein is albumin – essentially the same protein that we encountered in egg white. Around 4 per cent of our blood is made of albumin. This protein is folded into a tight little ball. The albumin in our blood is an efficient work horse as it carries other molecules around the body. Imagine human blood albumin as sporting a heavy backpack full of other molecules to lug around from point to point. Without albumin, the molecules would all be in the wrong places, turning up at the wrong bus stop or wrong workplace, so to speak.

Albumin is particularly good at ferrying drug molecules around so that they remain in the blood for longer and are less likely to be chewed up by drug-chewing enzymes. So, when we take an aspirin for a headache, for example, once it gets into the blood, it hitches a ride on albumin in order to travel about the body. This allows aspirin to get to the location where it can speak to a second chemical in a cell and get rid of our headache. Without the blood albumin shuttle, aspirin would find it hard to get to the office.

As well as albumin, there are other folded proteins. An example of something that is both an enzyme and a protein is pepsin. Pepsin is really brilliant. I love talking about it. When we walk into a restaurant and order a lean pork chop, the pork chop consists of muscle (mostly protein), bone and a tiny bit (or not so tiny bit) of fat. The muscle is the food protein we are really after here. For, no one places an order for ‘pig bones and pig fat, please’. When a bite of this pork chop protein gets into our stomach, pepsin comes alive. This wonderful enzyme digests the protein in the pork chop in our stomachs so that we can absorb the protein fragments as nutrients. However, pepsin does not digest itself, even though pepsin is also a protein. Pepsin cleverly distinguishes between proteins and digests only our food proteins. Every time you partake of some protein food from pulses or pork, pepsin paves a path to protein absorption. Try saying that out loud if you can.

 

 

What are proteins and what happens when they go wrong?

Proteins are very big molecules, in comparison to other molecules such as hydrogen. They are made up of many small molecules called amino acids, all joined together. You can imagine them as a long string of precious pearls, in which each pearl is an amino acid. Imagine that the pearl necklace is undone at the clasp and arranged in a long line. This very, very long line of pearls, representing our protein, is also known as a polymer. Polymers are fairly large molecules made by joining many small molecules end to end. Proteins are simply polymers made from amino acids. The long, initial shape of our proteins means that they can be scrunched up to make all sorts of other shapes. The shapes that they make determine their function. If they are the wrong shape then they are useless.

Wrong-shaped proteins cause certain diseases. Patients with a disease called sickle cell anaemia have difficulty supplying oxygen to their cells, which unsurprisingly causes all manner of problems, including extreme pain, shortness of breath and tiredness. Sickle cell anaemia particularly affects persons of West African descent. In this disease, a protein called haemoglobin is folded differently. Haemoglobin lives in our red blood cells and is what makes blood red. When we breathe in air, the oxygen is extracted by haemoglobin. Haemoglobin then carries the oxygen it has bound to in our blood cells around to our body cells to enable them to also breathe and continue with the business of life. If the oxygen levels in the air are too low, the haemoglobin molecules just cannot be bothered to extract the residual oxygen present and carry it about the body. Cell death quickly follows.

In sickle cell anaemia, one amino acid out of a total of the 140 amino acids that make up haemoglobin is changed. This single change alters the way in which haemoglobin is folded, making the red blood cells a different shape (like a crescent moon or sickle, rather than a flat disc, hence the name), which changes the way haemoglobin carries oxygen about. The net result is anaemia (poor oxygen carrying by our red blood cells), blocked capillaries and ultimately disease. In our bodies, protein folding is just as important as the protein itself.

These long lines of amino acids, or protein molecules, are folded up to fit neatly in our cells and are kept in place by a mixture of covalent bonds and some weaker bonds – those hydrogen bonds and van der Waals bonds. In some instances, our proteins are wound up in shapes and sit outside of our cells, such as in our blood for example. Albumin is one such example. Proteins cannot fold any which way they please; they have to be folded in the right way or our bodies don’t function as they should. David Baker, Demis Hassabis and John Jumper won the Nobel Prize in Chemistry in 2024 for developing a computer programme that could predict how proteins are folded. It’s that important.

Where we should never find proteins, folded or otherwise, is within our urine, unless we are ill with a kidney disease. This is because proteins are too large to go through the miniscule pores in our kidneys where our urine is made. These pores allow materials that are much smaller than a ten thousandth of the width of a human hair (very, very small – a lot of our cells are about a tenth the width of a human hair, as I mentioned earlier) through and nothing bigger. Our kidneys make urine from the chemicals that we do not need anymore, including unwanted water, but not from proteins. Our proteins are broken down into smaller units before being disposed of in our urine.

 

 

As you turn the pages of this book, proteins are beavering away in your body to react to light in your photoreceptor cells in your eyes so that you can see the words on this page, changing your ear cells so that you can hear the sound of the page rustling and reacting to the pressure of the page on your fingers so that you can feel the touch of the page. Proteins may also be governing what you think as you read the words, although we are not sure how the brain really produces specific thoughts, so forgive the digression. Proteins are working every second of every 24-hour day as you interact with the world around you.

When proteins are not properly formed in our bodies, either from birth or from damage during our lives, we sometimes experience disease. Proteins may not be properly formed because they are either not folded properly, as I mentioned earlier, or they do not contain the right amino acids or they contain the correct amino acids in the wrong sequence. I should know – I spent many a day in my childhood scratching an itching, weeping mess that should have been my skin as I fought, and lost, an everlasting battle with childhood eczema. This eczema became particularly severe when it encountered the strong equatorial sunlight that blesses southern Nigeria in abundance. It is a form of sunlight allergy. The condition varies in individuals and a milder form, known by its long name of polymorphic light eruption, is caused by strong UV light resulting in a change to a protein in the skin (presumably an antibody – the same type of protein that confers immunity to infectious diseases).12 Sensing this chemical change, the body begins to try to get rid of this now foreign material and does it while causing a blistering rash – the marker of the diseased skin.

Typically, sun allergies are not passed down in families. Some skin conditions involving rogue proteins are, however. One skin condition with a genetic basis has recently become better understood. This form of genetic eczema is linked to greatly reduced levels of a protein called filaggrin. In the right quantity, filaggrin holds skin cells together in a nice tight barrier.13 We can imagine it as a type of cement that makes sure that our skin is relatively impermeable to substances that could cause health problems. When we don’t have enough, this important skin barrier function is lost and the skin tends to become inflamed and/or prone to infection. Researchers now believe that there is a filaggrin link between childhood asthma and this form of eczema.14 Proteins are essentially brilliant when they work properly and they cause havoc when they don’t.

Due to this sunlight allergy, my first few months in Nigeria were spent in bed covered in angry sores that would not heal. I only became free of the skin symptoms when I applied a host of other chemicals to myself. For example, putting the chemical hydrocortisone on my skin, in the form of a cream, led to a dampening of the inflammation and a life that was marginally more comfortable. This health problem eased when I swapped continents and moved from equatorial Africa back to northern Europe, simply because the sunlight is stronger in equatorial Africa than in temperate northern Europe. I still have to moisturise with emollient creams to this very day, especially when the temperate climate of the northern hemisphere experiences an unexpected burst of spring sunshine.

In essence, a severe form of polymorphic light eruption heralded my scaly arrival to the shores of my ancestors. Welcome home, I thought.

*

The next major chemical class in our body that we have to talk about is the group of chemicals known as nucleic acids. A true beauty and leading light of this class is the chemical called deoxyribonucleic acid, a molecule usually referred to as DNA. DNA controls everything that we are, influences everything that we do and has an impact on what we become. It is central to our being. The term DNA is even used in conversation to denote the essence of a person or thing. ‘It’s in our DNA,’ is a phrase often heard, meaning – we can’t change ourselves just to suit you and we are proud of the fact. Or words to that effect.

DNA is the big beast of all the chemicals as it makes up our genes. It stores all the information that has been passed down by our parents and that we will pass down to our offspring. The variability in our genes is what makes us all unique. Our very different genes will allow us to identify previously unknown relatives, should we care to enter such a minefield, replete with joy followed by inevitable disappointment when we realise we can’t really be bothered to keep in touch with these new-found family members. The individualised nature of our genes may even help the police catch us should we commit a crime. Only identical twins share the same DNA and to my knowledge, it seems that twins generally fail to exploit this gift for the purposes of evading crime detection.

Human DNA molecules are large. All the DNA molecules in just one of our cells are distributed over 23 units called chromosomes. The DNA is neatly packaged in our cells and, if stretched out, the DNA in one of our cells would stretch to two metres long and weigh about ten billion times the weight of a molecule of sugar.15 DNA molecules need to be this big to hold all the information about us. When we refer to our genes, we are actually referring to these large molecules that we call DNA.

Let’s explore what DNA actually is. DNA is a polymer – the name for large molecules made by joining many small molecules end to end, in case you don’t remember. The individual molecules that make up the DNA polymer are called nucleotides. There are only four types of these DNA building blocks, and the way in which these four nucleotides are arranged along this long line of the DNA polymer is the key to the information that they hold. The four nucleotides are commonly known by the letters A, C, G and T, which stand for adenine, cytosine, guanine and thymine respectively. They can almost be thought of as the components of a language, in which the sequence of these four nucleotides along the DNA chain provides the sentence construction, and, in turn, information on what proteins to make. Our life’s instruction manual is written in our DNA and so our life, in essence, is held in this chemistry.

The shape of the DNA molecule is an absolute wonder. It is essentially two polymer chains which lie parallel to each other and are bound together by hydrogen bonds. You might think of the DNA molecule as a long rope ladder with the rungs of the ladder representing a pair of nucleotide molecules held together by hydrogen bonds. However, there is a further twist to this DNA tale. A literal twist. The rope ladder of DNA is twisted with a periodicity that is the same for each twist, giving the double helix structure that scientists are always talking about.

The hydrogen bonds in DNA are not as strong as covalent bonds and they can be broken by heating DNA to above 55°C. Around 55°C is the temperature of a hot wash in our washing machines and it will feel just too hot to put our hand in. When DNA is heated above 55°C, the two parallel chains separate. However, if we then cool it down again, because the hydrogen bond rungs are so strong and specific between the two polymer chains, the two parts of DNA come back together. Not only that, but they come back together in exactly the same sequence as before they were heated. Let us think about that for a minute. Isn’t this absolutely phenomenal? After heating and cooling, DNA actually remembers how it was originally structured. The information in the DNA molecule survives the equivalent of a cooking event.

 

 

The three sciences – fraternal triplets, related yet distinct

Biology is indeed magical, but what makes biology so amazing is understanding the chemistry underneath. Chemistry, the subject that I love dearly, may be viewed as sitting between physics and biology. Chemistry is the study of how materials are made by forming or breaking chemical bonds. Physics is the study of the forces that bring things together or take them apart, including the forces governing the movement of electrons in an atom. Chemical bond formation results from these electron movements and chemistry happens when new bonds form or old bonds are broken to give rise to old or new chemicals. Biology is the study of how chemicals react with one another in a chain reaction of events that give rise to living forms: plants, animals, us. Yes, we are all physics, chemistry and biology – all of us, whether we enjoyed all these three sciences at school or not.

 

 

As we learnt above, the human DNA in each cell is estimated to be about two metres long and this has to fit into a cell nucleus which is just below a tenth of the width of a human hair.16 DNA, however, sits tightly folded and uncomplaining in the nucleus waiting to transmit information to either our children or new versions of our existing cells. What a beauty.

Our genes contain all the information that is required to make us look and feel like one of our parents. And as two sets of genes combine to make us, one from each parent, we are a little bit of both of them. This little bit of both of our parents is not the sum total of us, but it is from where we start. Just after a human sperm has met an egg, the egg gets fertilised, so long as all is well. It’s a winner-takes-all event as the first sperm to the finish line cuts off all other sperming opportunities. As soon as fertilisation takes place, in a warm bed, on a cold floor or during a furtive fumble outside, the newly fertilised egg cell starts to divide. You can actually watch the division under a microscope if fertilisation takes place in the laboratory as in the case of in vitro fertilisation (IVF). When a cell divides in order to make two new cells out of one old cell, each daughter cell gets its own piece of DNA. In the new cells formed on division of the first cell, each piece of DNA will direct the synthesis of new proteins that are just like the old proteins. These proteins immediately get to work and the start of what we call life (in biology) begins.

This intangible thing, life, that we cling on to with such ferocity and find hard to give up begins with a photocopying of one piece of DNA to make another piece of DNA. I’m certain that you are wondering how these new pieces of DNA make the proteins that our cells need. They start by making a new molecule altogether.

DNA needs a middleman to get the protein synthesis job done and DNA, being DNA, simply makes the middleman that it needs. No advert. No interview. No recruitment. DNA just creates the workforce out of itself. DNA makes a new molecule called messenger ribonucleic acid or, more commonly, messenger RNA. There are other types of RNA but messenger RNA is the important one. Its function? The clue is in the name. It’s called a ‘messenger’ because messenger RNA faithfully carries messages from DNA to direct the manufacture of new proteins.

Messenger RNA behaves just like a super postman and delivers the letters of DNA to the protein factory within our cells. But this messenger RNA postman doesn’t just deliver letters – it makes sure that the letters are opened, read carefully and understood fully. So once messenger RNA has been made by the new piece of DNA, it starts work by providing accurate instructions for the manufacture of the new proteins that are then born poised and ready to get straight to work.

There are an estimated 100,000 proteins in our body and there could be more than that, as we are still not sure that we have discovered all the proteins that make us who we are. Each time a cell replicates, a portion of these proteins have to be made in order to make our cells work. So, haemoglobin has to be made in cells that become red blood cells so that we can carry the oxygen from our lungs around to all our cells, so we don’t suffer shortness of breath or indeed death from a lack of oxygen in our cells.

To make a new protein requires quite a hefty workforce: it involves enzymes, amino acids, fats and carbohydrates. A tiny enzyme reads the information contained in the messenger RNA and uses that information to build a new protein, amino acid by amino acid. This enzyme, truly an unsung hero, quietly joins one amino acid to another amino acid until the protein is fully formed. Once the protein has been made, other bits of the cell then set about folding the protein correctly and decorating it with covalently bound sugars, fats and other molecules, so that it is ready for action. We can see this as putting on the protein’s finishing touches. This is the cell putting on the protein’s stage make-up so that it can take its position under the spotlight. Without this folding and binding to sugars, the protein would not work as well or not work at all.

As soon as it is formed and fully made-up, the protein gets to work by digesting other food proteins, such as beef and pork, in our stomachs, if it is pepsin, or flitting from point to point with a backpack full of aspirin, if it is blood albumin. No training, no manual, just straight to work, intrinsically knowing precisely what to do. Let’s just stop now to contemplate this. Imagine being born fully competent and immediately heading off to work. No giver of sleepless nights. No insouciant teenage years. No youthful misdemeanours. Simply out of the hatch and labouring in a millisecond.

Sometimes, the new daughter DNA is not exactly like its mother DNA. When these mistakes happen, we get what is known as a gene variant. These chemical changes in DNA are known as harmful mutations when they result in disease. Such mutations could cause disease by thwarting the manufacture of proteins. Remember the deficient filaggrin levels that led to the genetic form of eczema? Normally, the filaggrin gene would direct the manufacture of the right amount of the filaggrin protein in skin cells and this would give lovely, intact skin. However, when this gene is faulty, it means we have a genetic filaggrin protein deficiency. The faulty filaggrin gene speaks nonsense to the protein manufacturing machinery and low levels of filaggrin are produced.

Imagine a factory supervisor arriving for their first day at a factory unable to speak the local language. Now imagine this supervisor trying to direct the manufacture of a vital product. The result will be much reduced productivity as important instructions will be lost to poor translation and misunderstanding. Exactly the same thing happens when our genes have been mutated. Mutated genes no longer speak the local language to the protein manufacturing plant in our cells; the cells are all confused and make either the wrong protein or too little of the right protein and we then have a genetic basis of a disease.

However, we all have some potentially harmful variants in our DNA. The emphasis is on the word ‘potentially’, as these do not cause disease, even though they could. More often than not, the myriad of mutations that we carry around with us do not cause health problems simply because our cells compensate for these genetic mistakes. It is only some mutations that come along laden with a change that either makes us look different or makes us feel ill.

As I’ve said, we are all walking chemical plants. Our cells are constantly making new molecules to allow us to get around and finish all the tasks in our day. The constant chemical production starts from our conception and then just keeps on going until it doesn’t, and we end. Take time to enjoy your body’s molecules in between birth and death. They deserve some love.

As we grow from an embryo to a baby ready to be born, new cells are continually being made. But even after birth there is still a lot of cell dividing and protein manufacture going on all the time. Our hair follicles are laying down new cells and we see this in our hair growth. Our skin cells are being made every day and we see this in the way our minor scars eventually seem to fade away, new skin replacing damaged old skin. Our blood cells are also dividing and making new cells even when we are fast asleep. Our bodies are churning out proteins all the time. Remember: proteins are the worker bees of the cell machinery – they are beavering away 24/7, tirelessly maintaining us, whenever and wherever.

My first brush with my own genes came when I heard the phrase, ‘You have brown albinism.’ I was 18 years old and sitting in a doctor’s office in a large teaching hospital in southern Nigeria. I had gone there in desperation in an effort to tame my blistering skin. The walls of the consulting room where I received this unfortunate news were from a creamy, bland palette and the furniture was of the functional, barely there, institutional variety. Although the room smelt of sadness, paradoxically, the doctor conveying the news was young, bright faced and incredibly attractive. He had strong, unusually white teeth for the times, brown intelligent eyes arranged in perfect symmetry around his rectangular face, all square jawed and light stubbled, and he wore a very well ironed cotton shirt. He played with his biro a lot too.

My initial response? Not sadness that I was being given a diagnosis but wordless embarrassment. I was still a teenager and I was halfway through a pharmacy degree at the university of Benin in the south-central part of Nigeria, about 150 miles away from my home in Owerri. I was studying pharmacy because I had been drawn to the chemistry of medicines after leaving secondary school and also studying the subject in a feeble act of rebellion against the concerted push for a medical doctor in the family. I had won the argument but comprehensively lost the war, as although I was very interested in pharmacy, I must admit that I was not the least bit interested in studying for the degree. On arriving at university at 16 years old, I was very interested in meeting boys, though. A university far away from home offered unlimited opportunities to engage with members of the opposite sex.

When the brown albinism news was delivered to 18-year-old me, I realised that a date with the, hopefully unmarried, doctor was out of the question now. Albinism was, and still is, heavily stigmatised in Nigeria. A life in Nigeria with albinism is a lonely existence dripping with a paradoxical contemptuous sympathy. Brown albinism is almost wholly found in Black Africans and is extremely rare. Brown albinos look just like I do with ginger hair (mine now greyed with age) and a reddish tinge to the skin. All down to my genes. And by God did I hate having ginger hair. As far as I was concerned, there was nothing good about not looking remotely like the rest of your family.

Ginger hair in Black people is associated with a reduction in melanin levels. So, although I had more of the useful black melanin than my Auntie Pat’s family, I simply did not have enough. Melanin gives our skin and hair its colour, regardless of our ethnic identity. A complete absence of functional melanin leads to a more visually obvious form of albinism, where individuals have no discernible colour to their skin and hair. Albinism, it must be stated, affects all racial groups and ethnicities.

Archibald Garrod, an English clinician, first described albinism in 1908. Garrod appears in surviving photographs as a serious man with an enviable comb-over in later years and a resplendent mouth-shielding moustache that seems to have stood the test of both time and gravity. He looks proud, thoughtful and wise. Garrod is important in our story as we have him to thank for making a vital link between a genetic trait and a defect in a crucial biological molecule that ultimately led to disease. Garrod joined up two types of biological chemicals, DNA and proteins, when he made his discovery.

I still remember the fascination I felt when I discovered that just one amino acid change could render a protein essentially non-functional and worthless, and, in effect, lead to a lifetime of disease. Such a tiny change, in one in about 300 amino acids, was all it took to turn health into disease or, in my case, a profound difference in appearance. Other diseases that also arise from a very small change in the sequence of amino acids in a protein include cystic fibrosis, which causes a lung disease mostly in northern Europeans, and sickle cell anaemia, which we know causes a blood disease mostly in West Africans. Most of the time, our chemistry gets it right, but sometimes chemistry fails and genes go rogue, misspelling amino acid codes, forgetting to put the right letters in the right place and upending perfectly decent lives.

Melanin is made in our bodies by converting an amino acid that we get from our foods, known as tyrosine, into the molecule melanin. When we consume protein foods, the tyrosine in the proteins is used to constantly make melanin. This conversion is done by a series of enzymes in our cells and when one or some of these enzymes are faulty, melanin is not produced at all or produced in sub-optimal quantities. We thus end up with no or very little melanin.

The melanin in cells is present as a polymer. The black melanin is the melanin that most effectively protects our skins from sun damage. We need to congratulate this molecule much more than we do. We need to ask melanin to take a well-deserved bow.

People of Black African descent tend to have more of the black melanin than the red melanin and are thus less likely to get skin cancer. Albinism makes people of Black African ancestry 1,000 times (yes, 1,000 times) more likely to get skin cancer when compared with melanin-rich Black Africans.17

Albinism is passed down genetically and hence runs in families. A scientist called Jennifer Kromberg of the University of the Witwatersrand in South Africa studied the rate of albinism in various regions of the world and found it varied from 1 in a 1,000 people in parts of the African continent to 1 in 20,000 people in parts of Europe.18 One albinism hotspot is the Igbo area of south-east Nigeria, where the majority of Nigerian albinism cases are found and where I have family. As such, this is the area that our family emigrated to in the early 1970s.19 So at least I was in good company in south-east Nigeria. There were a lot of us albinos about.

Albinism is simply the visual evidence that chemistry has gone wrong in our bodies. We are all just one or two amino acids away from albinism or some other condition – a molecular change and nothing more. With that in mind, if you see an albino person, please do them a life-saving favour and offer them your place in the shade.

*

Most of the time, the chemistry in our bodies works brilliantly, keeping our muscles contracting so that we can walk to and from the supermarket on a windswept or calm day and keeping our bladder closed tight shut so that it empties at intervals when we wish it to, and we do not wet ourselves in the middle of a supermarket checkout queue. These molecules are beavering away with such indispensability that we do not know that they are there.

Another group of chemicals that do a number of amazing things for us and are working right now to keep you ticking over are our hormones. Hormones are conductors of large chemical orchestras as they act as the ultimate controllers of when chemicals are released from cells and told to act. Hormones wield their proverbial batons intelligently and with purpose. For example, the pituitary gland controls the production of our sex hormones, which regulate the menstrual cycle in women, in the case of oestrogen and progesterone, and the secondary sexual characters in men, in the case of testosterone. Hormones like the thyroid hormones are vital for the good functioning of our metabolic processes and if we lose the function of our thyroid gland, we will need to take replacement hormones every day of our life.

A good example of when things don’t go to plan in the hormone arena is for sufferers of diabetes. In people with diabetes, insulin does not do its crucial job of ultimately converting glucose from the food we eat into glycogen. In other words, insulin fails to maintain our energy stores.

What is causing insulin to underperform so badly in diabetes sufferers? Proteins known as antibodies are sometimes to blame. Antibodies normally protect us from infections as they seek out and destroy bacteria and viruses that have made their way into
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