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INTRODUCTION





Your body is an amazing machine that has evol– STOP. Do you really need someone to tell you this? If you do not know how stupendous that thing is you drag around with you every day, during the good times and the bad, then you probably should put this book down right now, go straight to the mirror and take a good long look at yourself. So, off you go.
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▴ What do you see when you look in the mirror?





Now that you have taken a look at yourself, how do you feel? Regardless of the answer, the fact that you are reading this book is testament to your desire to learn more about yourself – about the human condition from a physical point of view.


Whether you believe in a higher being or not is neither here nor there. The unquestionable truth here is that your body is a dynamic and intelligently designed product, that constantly interacts and learns from its environment. It comes with systems that provide the perfect examples of what it means to work together, with one sole purpose: to keep you alive.


In nature, often what happens on the micro level tends to happen on the macro level, too. With this in mind, what a wonderful thing it would be if we humans used our internal networks as mentors for how working together can be done. Imagine a world where each one of us represented a valuable, complex organ system, with one common goal: to keep our shared humanity alive.


This book will give you an insight into how your body is organized and how it works. The top and tail ends of the book put everything into context, taking you on a tour behind the scenes, so you can see how our understanding of anatomy grew to what it is today, and what we need to think about now as we step into the future. Throughout the rest of the book there is a bit of anatomy, obviously, and a bit of physiology thrown in too, because structure and function go hand in hand.


Hopefully this book will whet your appetite and get your juices flowing to help you digest, in small manageable chunks, just how truly amazing you really are.
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WHAT’S IT ALL ABOUT?


When you think of anatomy, what springs to mind? Frogs’ legs, human body parts, preserved rodents spread-eagled like Leonardo da Vinci’s Vitruvian Man, or medical students ferociously learning about how the iliac fossa forms at the anteromedial surface of the ilium wing? Anatomy is certainly all of the above and more.
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Anatomy is a branch of biology devoted to understanding what those different bits are that make you, where they fit and how your body puts it all together. Understanding anatomy is such a mammoth enterprise that it has taken us thousands of years, from the first recorded attempts by the ancients Egyptians, to get this far. Yet we have only truly mastered the basics. Furthermore, anatomy is so old, it has developed its own unique language.


MACROSCOPIC OR MICROSCOPIC


‘Anatomy’ is ancient Greek for ‘dissection’. The science has two main branches: macroscopic and microscopic. Macroscopic, or gross, anatomy is concerned with structures that can be determined simply with your naked eye. To discriminate at a much deeper level requires the use of optical instruments and that the sample undergoes various treatments and preparations. Optical instruments become necessary when you try to distinguish between two structures that lie closer than 0.2 micrometres apart, because that is the resolving power of the retina in your eyes. The study of such tiny anatomical structures is termed microscopic anatomy, or histology, and is concerned with the business of tissues, cells and their organelles.
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▴ Anatomy is more than just learning about what your naked eye can see. It also includes the subject histology, which seeks to identify the structure and composition of different cells and tissues that are visible only under high magnification.





A DOSE OF PHYSIOLOGY


Anatomy is a bit lost without its twin subject, physiology. To know anatomy without it, is like writing music without ever listening to it. Physiology puts the how and why into understanding what your body is all about. It studies how everything works and why your body does what it does under normal conditions. When anatomy is combined with diagnosing and treating diseases, it grows from being purely basic and theoretical to something meatier and patient-led that forms the backbone of medicine.













STANDING ON THE SHOULDERS OF GIANTS


‘We have been studying human anatomy since before the days of Vesalius and just when we think there can’t possibly be anything left to learn or explore, the human body makes a fool out of us.’ These are the words of leading anatomist and forensic anthropologist Professor Dame Sue Black. Indeed, mankind’s pursuit of knowledge has been punctuated by discoveries that have changed its course like a pinball machine.


Approaches to understanding the human body varied across the ancient world. Some traditions focused on energy flows and balance, giving rise to the Ayurvedic and Chinese practices, which today still form the basis of modern alternative medicine. Others took a more empirical approach to hunt for the seat of the soul. Our understanding of the anatomical knowledge of many other civilizations is limited by their reliance on oral rather than written records. In addition, we know little of the achievements of women before modern times. This issue is touched on further in Chapter 13.


THE ANCIENT EGYPTIANS


The ancient Egyptians were renowned for their ability to remove and preserve organs taken from the dead during the process of mummification. The heart was later returned to the body in the belief that it was the home of the soul. Although magic was the order of the day, the Edwin Smith Papyrus (c. 1600 BC) was found to have some scientific credence. Named after the person who bought it in 1862, it is believed to be the oldest known text of medical and anatomical significance.
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▴ Ancient Egyptians preserved the internal organs of the dead in canopic jars.





THE ANCIENT GREEKS


The philosopher, biologist and logician Aristotle (384–322 BC) was also preoccupied with finding the den of the soul during his anatomical dissections of animals. However, it was his fellow Greek scientist, Herophilos of Chalcedon (325–255 BC), who was recognized as the world’s first anatomist. After studying in Alexandria, in modern Egypt, he conducted the first scientific cadaveric dissections, which were a rarity at the time since human dissections were hugely frowned upon as irreverent, as well as unclean and risky.


Another gifted Greek physician, called Galen (c. 129–c. 210 AD), followed suit to Alexandria in the 2nd century AD. Based on his animal dissections, he produced a wealth of written text that provided invaluable descriptions of the body, especially the musculoskeletal systems. He also recognized that damage to the spinal cord was associated with increasing risk of paralysis and death the higher up the damage was on the spine.
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▴ Galen is depicted dissecting a pig, at a time when dissection of human cadavers was prohibited.







ISLAMIC SCHOLARS


Galen owes much of his later prominence to the Islamic scholars of the Middle Ages who translated and reproduced his work, as well as correcting sections from their own observations. Islamic masters of anatomy included Abdallatif al Baghdadi (1162–1231), who carried out some of the first postmortem autopsies. During the Dark Ages, intellectual leadership passed to the Middle East and remained there until the 13th century. It was not until the Renaissance kicked off in the 14th century that a new age of experimentation and investigation began in Europe.
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▴ Mansur ibn Ilyas produced his colour illustrated Anatomy in the 15th century.









THE RENAISSANCE YEARS


The Renaissance, between 1300 and 1600, gave life to many great artists who helped anatomy flourish with their accurate representations of the human body. Up until this point, most anatomy texts were descriptive and lacked detailed illustrations. Artists such as Leonardo da Vinci (1452–1519), Albrecht Dürer (1471–1528) and Michelangelo (1475–1564) studied corpses to create accurate images that also became an integral part of their own, and others’, printed publications communicating anatomical discoveries.


The Belgian anatomist and physician Andreas Vesalius (1514–64) is often named as the father of modern anatomy. His contribution to the discipline represented a paradigm shift in the approaches used to acquire knowledge. From direct observations of cadaveric dissection, in 1543 he published his most notable work, the monograph entitled ‘De humani corporis fabrica’ (‘On the Fabric of the Human Body’). Billed as the first great achievement of science in modern times, it introduced anatomical language that is still in use today and presented the musculoskeletal system in an inimitable way.




[image: Illustration]

▴ Vesalius’s ground-breaking book contained detailed illustrations of the muscular system.





THE AGE OF ENLIGHTENMENT


During the Enlightenment, anatomy truly took off, leading particularly to advances in our understanding of the circulatory system. No one did so much in this area as Cambridge medical graduate William Harvey (1578–1657), who produced work that confirmed earlier suggestions by Islamic scholar Ibn al-Nafis (1213–88) that there were two circulations, in which blood went first to the lungs and then to the rest of the body. Often referred to as the father of physiology, Harvey also implanted the idea that fertilization of an egg by sperm was necessary for reproduction to occur.
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CADAVERS AND CRIMINALS


Over the centuries, anatomy has had a fraught relationship with cadavers. While clearly being an essential resource in educating physicians past, present and future, outside the medical field the dissection of cadavers has historically evoked a negative reaction. Aside from spiritual concerns and fears over the potential health risks, the public’s unease with the practice is somewhat vindicated when you consider that anatomy has a dark past.


Most early anatomists improved their knowledge by dissecting animals that were either dead or, sometimes, alive. Although extremely useful, not all the information could be confidently extrapolated to humans. Dissecting a human body provided a more accurate and trustworthy source of information. During the 18th and early 19th centuries in Europe and the United States, as medical training establishments grew, there was a growing demand for dead bodies. Yet, at the time, the only legal source of cadavers was the penal system, which fed the bodies of executed criminals to medicine as a final act of retribution. Where there is demand, there is money to be made, fuelling the black market trade in human remains.
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▴ William Burke was hanged in 1829 for the murder of 15 people whose bodies he sold to the anatomist Robert Knox for dissection. In a twist of fate, after his execution, Burke’s body was immediately used for anatomical dissections. His skeleton is on public display at Edinburgh University Museum.





GRAVE ROBBERS


As a result of this demand, thieves regularly stole freshly buried corpses, especially those of the poor and disenfranchized, to sell them to medical schools. In the United States, enslaved and free African Americans were particularly at risk of grave robbing. On both sides of the Atlantic, the ‘body-snatching’ industry became a lucrative enterprise for so-called ‘resurrectionists’. The bodies of infants were considered a highly prized commodity as most penal-system cadavers were male and little was known about how humans developed. Some medical schools were even deliberately located within body-carrying distance of graveyards. Depraved individuals, notably Edinburgh’s William Burke and William Hare, actually murdered to keep up supplies. Naturally, once the public got wind of these horrors, there was outrage.
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▴ This photograph of the Anatomy Department at Cambridge University was taken around 1890.





ANATOMY ACTS


With the passing of the United Kingdom’s Anatomy Act in 1832, executed murderers no longer received eternal punishment after death with dissection, and licenced physicians could only procure unclaimed dead bodies for study from places such as hospitals, asylums and workhouses. However, given that it was the poor who were most likely to leave their relatives unclaimed, this certainly left those most disadvantaged in life to be further disadvantaged in death. In the United States, a series of anatomy acts, beginning with that in the state of Massachusetts in 1831, had a similar effect to the UK Anatomy Act. However, some Southern states continued to allow the anatomical study of those who died in prison, where a disproportionate number of inmates were African American. Such practices were a terrible stain on the history of anatomy.











NAZI ATROCITIES


Between 1933 and 1945, Germany’s Third Reich prioritized teaching and research to improve understanding of the human body, for the purpose of extolling the superiority of their ‘master’ Aryan race over ‘inferior’ humans, as part of their eugenics movement. For their research, many German anatomists made use of the victims of Hitler’s Nazi genocide.
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▴ Auschwitz provided cadavers for dissection.





Victims, most of whom were prisoners in concentration camps, included Jews, Sinti, Roma and Eastern Europeans; prisoners of war; those deemed ‘sexual deviants’, anti-Nazi or criminals; and psychiatric patients. Their bodies were transported to anatomy departments across Germany and its occupied territories, including Poland, Austria and the Czech Republic. The number delivered for dissection is not known, but is estimated to be tens of thousands.


Those who carried out the dissections were not all passive recipients. Although some questioned the morality of the practice, others, like anatomy professors Eduard Pernkopf and August Hirt, were entirely complicit. In 1943, as an SS officer, Hirt ordered the killing of 86 Jews so he could put on a skeleton display at the Anatomy Institute at the Reich University, Strasbourg, to show guests how he believed Jews differed. Although his commands were heeded, the display never came about.


PERNKOPF’S ATLAS


Pernkopf produced one of the most comprehensive and accurate human anatomy textbooks. Published in the 1950s, the Atlas of Topographical and Applied Human Anatomy took more than 20 years to complete. This multi-volume map of the human body was the first to use four-colour offset printing, helping anatomists and surgeons worldwide identify structures that looked almost identical to the illustrations. It was not until the late 20th century that investigations revealed that the images in the atlas had made use of the victims of genocide. Some scholars argue for use of the atlas to be discontinued, while others believe the knowledge gained should be used for teaching medical ethics, history and anatomy to honour the victims of the Nazis.




LEARNING FROM THE PAST


Although lessons have been learned, it is vital that we never forget those who were robbed of their human dignity while our knowledge of anatomy was expanded. Anatomical specimens in many museums and collections include those of unknown origin, of which many were obtained without consent. Most serve as a constant and stark reminder of anatomy’s shadowy past. Others have been given a fitting burial in commemoration of their non-consensual and immoral sacrifice.
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▴ The anatomist John Hunter is seen with the skeleton (feet) of ‘Irish giant’ Charles Byrne, displayed against Byrne’s express wishes.

















TALKING ANATOMESE


In addition to appreciating key events in the history of anatomy, understanding the language of anatomy will also help boost your comprehension of the field. The terms used to describe the different anatomical structures and their relative positions stem from the different languages spoken by the founding anatomists.


ANATOMICAL PLANES


When a cadaver is divided into sections, the plane at which the cuts are made are as follows:


Median: The cut is made vertically down the middle of the body, through the midline, and produces two equal left and right sections. If the cut is made parallel to the median plane but to either left or right, producing unequal portions, it is called the sagittal plane.


Coronal: The cut is made vertically at right angles to the median plane, producing front and back halves.


Horizontal (or axial or transverse): The cut is made horizontally, at right angles to both the coronal and median planes, producing top and bottom parts.
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▴ The main anatomical planes are not just used during dissections but also in medical imaging to describe the different sections of the body examined during computed tomography (CT) or magnetic resonance imaging (MRI) scans.






THE ANATOMICAL POSITION


Also known as the standard position, anatomical position refers to the position of your body when you stand erect, facing forward with your arms positioned so that your forearms are supinated (with the palms open, facing forward, and your thumbs pointing away from your body). Your forearms are pronated if your palms face backward and your thumbs point into your body. All terms that describe the position of a structure in your body are given relative to the standard position. It is a reference point that helps medical professionals navigate their way around your body.
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ORGANIZATION OF YOUR BODY


The ancient Greek philosopher and biologist Aristotle said something along the lines of: ‘The whole is greater than the sum of its parts.’ However, when it comes to the human body, is that true? It is also commonplace to say that the small things matter and the best things come in small packages. When it comes to how you are assembled, one could argue that the whole depends on its parts working together.
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▴ This magnetic resonance imaging (MRI) scan shows the brain. You have several organs that you cannot live without, but your brain is the only one that cannot be replaced.





Your body is a live demonstration of what it means to work as a team. It is the quintessential biological institution, because every single member is valued and plays a vital role. Indeed, without any subordinates, the greater structures simply would not exist.


As with any organization, to appreciate fully the different parts and functions of our anatomy, it helps to have a visual chart of where every entity fits in. Cue the hierarchical structure of the human body: an ordered pyramidal system that summarizes the basic architecture of every human, with increasing complexity.







HIERARCHY OF THE HUMAN BODY
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Organism: As a walking–talking medley of ‘subservient’ biological structures and systems, you are truly at the mercy of your smaller parts.
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Organ systems: When organs join forces, the result is the organ system. Organ systems are interconnected networks of distinct anatomical structures whose purpose is to ensure the major functions of the body are met. Some systems are linked, and some are not, but they all communicate with each other.
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Organs: Organs are recognizable to the naked eye. They are made up of two or more tissue types that work together to conduct a specific physiological function(s).
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Tissues: Tissues are made of an army of similar, connected cells with a specific purpose in mind. There are four distinct types of tissue.
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Cells: These are the smallest unit of an organism that can perform independently all the things we do to survive. Cells can replicate, use or make energy, grow, die, communicate and excrete, although not necessarily in that order.
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Atoms: At the most basic level, we are indistinguishable from inanimate objects. Subatomic particles comprise the simplest building blocks of all matter. Around seven quadrillion (7 followed by 15 zeros) protons, electrons and neutrons are said to make up your entire body.

















CELL STRUCTURE


The English polymath Robert Hooke (1635–1703) is credited as being the first person to discover the cell. In 1665, he used an early form of microscope to examine slices of cork. He noted that they looked remarkably like small rooms called ‘cellula’ that monks inhabited at the time, and so the name ‘cell’ was born. In truth, what he saw were the dead walls of plant cells, which had a honeycomb-like structure.




INSIDE A TYPICAL CELL
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▴ A single cell is populated with a diverse community of tiny structures, or organelles, that each serve specific functions within the cell.








Over the centuries, different parts of the cell have been discovered by a wealth of scientific talent. In the 19th century, German scientists Theodor Schwann, Matthias Jakob Schleiden and Rudolf Virchow helped formulate cell theory. One of its tenets provides the perfect starting point: it stipulates that the cell is the basic unit of life.


There are trillions of cells in your body. What they do is often governed by what they look like (and vice versa). However, there are fundamental structural similarities. Irrespective of cell type, all cells are filled with a watery jelly-like matrix that is encased by an outer cell membrane which controls what comes in and what goes out. This matrix, or cytoplasm, helps the cell maintain its structure. It also suspends microscopic organs of life, called organelles, which help cells carry out their specific duties. At this point, differences start to appear based on which organelles are present and in what amount.




BIGGEST AND SMALLEST


Of the 200 or so different types of cells in your body, the largest and smallest are those responsible for your very existence. Measuring 0.5mm (1/50in) in diameter, the female egg is just about visible to the naked eye. Contrast that with a sperm cell, which can only be seen with a microscope. Its ‘head’ is about 0.004mm (1/6250in) long.
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NUCLEUS


All your cells possess (or start off having) a control centre called a nucleus. This chief of organelles determines to which phylum you belong: whether you are a simple organism, like a bacterium, that lacks a nucleus, or a more complex organism, which has one. As the brain of the cell, the nucleus occupies central position and houses a very special code, your genetic information, in the form of deoxyribonucleic acid (DNA). The fact that the nucleus has its very own special matrix plus a ‘double’ membrane is testament to its high ranking within the cell.



MITOCHONDRION


If there were one organelle that could rightly contest the nucleus for its crown status it would be a sausage-shaped structure called the mitochondrion. Not only do mitochondria bear the hallmarks of an evolutionary giant, with their double membrane and own genetic system, but they determine whether a cell lives or dies. It is said that mitochondria evolved from bacteria that once invaded the cell. These biological squatters only managed to secure their tenancy by establishing a symbiotic relationship with their cellular landlord.


Comparable to electric generators, mitochondria produce all the energy that a cell needs to conduct its business. Without their power, organelles would serve as mere floating bits of detritus. Mitochondria use oxygen to help convert the energy stored in nutrients such as glucose into high-energy molecules called adenosine triphosphate (ATP), which drive all the chemical reactions in the cell. This process, known as aerobic cellular respiration, also produces carbon dioxide, water and heat. Cells need their ATP fuel because they are in the business of making proteins.
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ENDOPLASMIC RETICULUM AND RIBOSOMES


With instructions from the nucleus, the protein data is dispatched to several organelles in a cascading fashion. First are the ribosomes, which can be found either floating freely in the cytoplasm or bound to a membranous network of canals called the endoplasmic reticulum (ER). The spherical ribosomes receive the template upon which a protein is built.


The ER operates in a conveyor-belt like manner and receives the proteins assembled by the attached ribosomes. These flat, folded membranes help products from the nucleus reach deep into the cytoplasm, enabling the internal transport and export of proteins such as antibodies (for use by the immune system) and enzymes (which bring about chemical reactions). Not all ER have ribosomes attached. Those without are known as smooth ER and manufacture components of fats, as well as hormones and chemical ions that trigger reactions.
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GOLGI BODY


It would be remiss not to acknowledge how these cell products are packaged and bundled for use within and outside the cell. Named after the Italian biologist Camillo Golgi (1843–1926), stacks of membranes called a Golgi body, or Golgi apparatus, provide a shuttle service and add the final touches to the ER proteins before packing them into small membrane-bound vesicles.
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VACUOLE


Large, fluid-filled vesicles called vacuoles act as floating storage units for a variety of substances that are either needed by the cell, such as nutrients and enzymes, or deliberately quarantined.
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LYSOSOME


With all these activities going on, the cell would be hard pushed not to make any mess. Luckily, each cell has its own recycling centre in the form of lysosomes. Except, you would not want to go inside one because it is packed with enzymes that digest and reprocess worn out components of the cell, as well as target invading foreign bodies and the cell itself, if it is damaged beyond repair.
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DNA: IT’S ALL ABOUT THE BASE(S)


Cells make proteins, and the blueprint for them comes directly from your genes housed in the nucleus. These organized sequences of biological data, inherited from your parents, affect all aspects of how your body works. From your physical appearance to how you digest food, the coded instructions in these basic units of heredity all boil down to one extraordinary molecule: DNA.
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▴ Nobel Prize-winning duo James Watson (left) and Francis Crick (right) deduced the molecular structure of DNA based on work conducted by X-ray crystallographers Maurice Wilkins and Rosalind Franklin.





It would be sacrilegious to describe the structure of DNA and not mention James Watson (born 1928) and Francis Crick (1916–2004). In 1953, these Cambridge dons identified the molecular structure of DNA. Put in the simplest terms, the structure is like a bendy ladder cut vertically into two equal parts. Broadly, each side, or rail, of the ladder is made of two consecutively arranged compounds: a phosphate group and a sugar molecule known as deoxyribose. That is DNA’s backbone. Attached at 90 degrees to the rail (at each sugar insert) is an organic (carbon-based) molecule known as a base, which forms half of the rung. These bases are of different types: A (adenine), C (cytosine), G (guanine) and T (thymine). Their arrangement holds the key to the genetic code.


If we bring both rails back together and use weak hydrogen bonds to join the bases jutting out of either side, this will form loosely held rungs, or base pairs. (Basically, a hydrogen bond is a special type of attraction or force between a hydrogen atom and another atom.) These bases must be matched with the right (complimentary) bases on the opposite side to ensure a good fit. In a DNA molecule, A links with T only, and G with C. The ladder is then twisted into a helical shape – and voilà, you have DNA.
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▴ In the DNA double helix, each base is connected to the sugar portion of the sugar-phosphate backbone, and to its base pair, by weak hydrogen bonds.










WHY THE TWIST?


It is humbling to think we owe everything to a daisy chain of molecules arranged like swirly marshmallow tubes. But do not be fooled. Behind this formation lies an ingenious advantage. It is claimed that the twist protects the bases from toxic interactions and supports the supercoiling of DNA into tightly packed chromosomes so it can fit its 6 billion base pairs into a single cell. More than likely, however, given that DNA’s bases cannot tolerate water and your cells are full of it, a twisted structure confers maximum shielding for the most cosseted inner region.
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MAKING PROTEINS


Proteins are long molecules made of chains of one or more amino acids, in an order laid down by the base sequence in the relevant portion of DNA. Proteins are essential for the structure and functioning of all the body’s cells, tissues and organs. How does DNA go from a double helix to making proteins? The missing link is ribonucleic acid (RNA).


DNA and RNA look very much alike, except RNA is a single strand and its sugar component is made of ribose (it is not a ‘deoxy’ because, unlike DNA, it is not missing an oxygen atom). Unlike DNA, RNA does not pair adenine (A) with the base thymine (T): it matches adenine with a base called uracil (U). The theory is that, during its evolution, DNA traded its uracil for thymine because it makes for a structure that is steadier and more resilient to entities in the cell that could destroy it. Clearly, this makes for a much safer way to store genetic information in the long term.


TRANSCRIPTION


When a gene is switched on to make a protein, or ‘expressed’, the exact portion of DNA that codes for that specific gene unwinds and surreptitiously unzips itself. In doing so, it flashes its raw bases to a protein called RNA polymerase. This enzyme transcribes the code along one DNA strand by adding successive building blocks together comprising a phosphate group, a ribose sugar and an attached base – collectively referred to as a ribonucleotide – all the while ensuring that the bases adhere to the GC and AU pairing rule. This results in the formation of an RNA molecule called messenger RNA (mRNA), in a process known as transcription.


Evidently, it is far safer for copies of the code to be shunting around the cell than the hallowed DNA itself. Once completed, mRNA trundles out of the nucleus through its membrane pore and enters the cytoplasm, where it engages with ribosomes to continue the process of translating the code into amino acids.
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▴ A single strand of DNA is a template for transcription. The newly formed mRNA molecule is a template to link amino acids to form proteins.








NEW PROTEINS


New proteins are earmarked for internal use or export outside the cell. Enzymes are among those used internally and exported: these speed up chemical reactions. Proteins that stay within the cell include receptors that embed themselves in the outer membrane. They convert outside signals into actions within the cell. Membrane proteins can also be traffic lights, controlling passage of molecules across the cell membrane.
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▴ Membrane proteins intrinsic to the cell membrane are called integral proteins. They have different functions depending on their structure.














COILING INTO CHROMOSOMES


Chromosomes are DNA that is tightly coiled around spool-like proteins called histones. Each of your cells (other than your reproductive cells) contains 23 pairs of chromosomes, or 46 in total, which is referred to as the diploid number of chromosomes. One set came from your mother and the other from your father. DNA only coils neatly into chromosomes when the cell is getting ready to divide. It is only at this point that chromosomes become visible under a microscope. If DNA did not form into chromosomes, it would become a horrible tangle during cell division.
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▴ During DNA replication, helicase separates the strands while primase creates a primer that directs DNA polymerase where to begin copying.





Before a cell can divide, it must first replicate its DNA. This requires that the DNA strands unzip themselves to aid replication. The aim is to create two copies of the same genetic material, so one can be passed down from the ‘parent’ cell to its new daughter cells. The enzyme DNA polymerase directs the process, helped by other proteins: for example, DNA helicase unzips the helix.


It is vital these new ‘complimentary’ strands of DNA are copied correctly. So, a proofreading exercise ensues before the new DNA twists into a double helix. The new DNA strand is a hybrid: half new strand and half the template strand, which provides for a more accurate result than if the two entirely new strands joined.


CHROMOSOME SHAPE


The two copies of DNA (referred to as sister chromatids) condense and glue together at a corset-like constriction point called a centromere. This divides the chromosome into two sections, or arms. Each chromosome corresponds to a different double helix with its own set of linked genes.
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▴ A chromosome’s shorter arms are called p arms and the longer are called q arms.







CHROMOSOME PAIRS


Your DNA codes for 20,000 to 25,000 genes, each providing instructions for making proteins. Your complete set of genes, or genome, is divided across 23 pairs of chromosomes, but not equally. Chromosome pair 1 is the largest, holding about 2,100 genes. Let’s compare this with the last pair, chromosome 23, which determines your sex. One of these sex chromosomes – the biggest of this pair – is called the X chromosome; the smaller is called Y. (These terms have nothing to do with the chromosome shapes.) Those who inherit two copies of the X chromosome develop into females. Those that get an X and Y become males. In men, chromosome Y, inherited from their father, is shorter than chromosome X, inherited from their mother, because it contains only 50 to 70 rather than 800 genes.
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DIVIDING CELLS


Cells must divide in order to replace lost or damaged cells. They must also divide to allow for growth and to create germ cells that unite and transform you from a fertilized egg into an adult. Cell division is a complicated affair and must be strictly regulated. Failure to do so can be catastrophic not just for your cell but your very survival.


Depending on the messages a cell receives, it either continues resting, quietly carrying out its everyday activities, or enters active division. The portion of the cell cycle that leads up to division is called interphase.


During this stage, a cell increases in size, doubles up its organelles, replicates its DNA and prepares for division. Then, depending on the type of cell, it will divide either by mitosis or meiosis.




MITOSIS


Mitosis produces two identical daughter cells, each containing the same diploid number of chromosomes as the original parent cell. The cell divides only once, but the chromosomes perform an intricate four-step dance.


Prophase: In the opening sequence of division, named prophase, the nuclear membrane dissolves and the sister chromatids condense and join at the centromere before pairing up with their counterparts inherited from the other parent.


Metaphase: Next, all the chromosomes converge in the centre, assisted by rope-like proteins called microtubules, which attach either side of each chromosome’s centromere. The microtubules are themselves attached to a winch-like structure called a centrosome, which organizes them.


Anaphase: The centrosome leads the next movement, anaphase, which sees the sister chromatids be pulled apart to opposite ends of the cell.


Telophase: The nuclear membrane reforms around the now solitary chromatids and the cytoplasm divides in two.


Cytokinesis: During cytokinesis, the cell fully divides in two, re-sheathed within the cell membrane.
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MEIOSIS


Sexual reproduction relies upon a type of cell division called meiosis, which produces sperm and egg cells. Meiosis produces four non-identical daughter cells, each containing half the number of chromosomes as the original parent (called a haploid number of chromosomes). This arises because the cell divides twice. Unlike in mitosis, the daughter cells are genetically different from their parent cell and each other.




[image: Illustration]

▴ Prior to meiosis 1, the sperm cell goes through interphase. It then enters the first step, prophase 1, where genetic material is exchanged among homologous chromosome pairs. For eggs, completion of meiosis 2 occurs at fertilization.














CELL DIVERSITY


Your cells work, doing a job for their boss – you. Having a diverse workforce in terms of background, expertise, and role leads to a more robust and dynamic organization. That is why you are not a giant amoeba or a plank of uniform cells. At the last roll call, you employ around 206 different types of cells who do your bidding in their own specialized way. Let’s introduce you to a few of them.
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PHOTORECEPTORS


Photoreceptors are cells that reside in the retina at the back of your eye. They contain light-sensitive pigments that allow them to respond to the incoming light to help you see. These cells are uniquely designed to convert the image entering your eye into a nerve signal that your brain interprets as a picture. Two types of photoreceptor are deployed. Rods help you perceive light, dark and movement, while cones bring you the colour.






[image: Illustration]

▴ Rods and cones populate outer layers of a thin tissue of specialized cells called the retina. Rods are more abundant, particularly at the retinal edges. Cones are more prominent in the retinal centre.








RED BLOOD CELLS


To secure what is possibly the most crucial role a cell can have, red blood cells (RBCs) made the ultimate contract of waiving their nucleus in exchange for more work space. This structural modification, which makes them unlike any other cell in your body, permits them to carry as much oxygen as possible and deliver this life-sustaining gas to your tissues. This is such an important job that RBCs account for almost a third of the entire population of cells found in your body.


HORMONE AND ENZYME MAKERS


Cells located in your endocrine and digestive systems have additional tools to fulfil their duties. These cells contain extra ribosomes and Golgi bodies to produce and package the hormones and digestive enzymes they secrete into your blood or stomach respectively.




[image: Illustration]

▴ Goblet cells are found along your intestines and airways. They have lots of secretory vesicles that form the protective substance mucus.





BONE CELLS


The hardest cells in your body are in the bone department, which is constantly changing and reforming. This job is delegated to three cells. Osteoblasts produce the matrix that makes bone, and some mature into cells called osteocytes that literally get stuck in the product of their own making. Osteocytes are the most common type of bone cell and make up most of your bone, which they help to co-ordinate and reshape, especially when it is stressed. Osteoclasts reabsorb bone material either to release essential minerals locked in the matrix, such as calcium, or following periods of inactivity.




[image: Illustration]

▴ An osteocyte occupies a space in bone known as a lacuna. It has many processes (extensions of the cytoplasm) that connect with other osteocytes through tiny canals called canaliculi.














STEM CELLS


There is a very special type of cell that is exalted because of its latent regenerative abilities. Stem cells have the potential to self-renew and produce any type of cell in your body. These cells can be found patiently waiting to be activated in several tissues and organs.


Unlike most cells, stem cells are undifferentiated, which means they are not specialized and do not have any specific roles or defined features, unlike the cells discussed on the previous pages. Once given the green light to divide, a stem cell’s progeny includes a cell that remains undifferentiated and another destined for specialization.


EMBRYONIC STEM CELLS


There are two main types of stem cells, depending on their source of origin. Embryonic stem cells are found only in very young embryos called blastocysts. These cells have the natural ability to become absolutely any cell in your body and for this reason are known as being ‘pluri’-potent.




[image: Illustration]

▴ Embryonic stem cells are derived from the inner cell mass of a blastocyst, the region that develops into the fetus. The trophoblast develops into the placenta.











ADULT STEM CELLS


Adult stem cells are found in most adult tissues. Until recently, they were thought only to give rise to a limited number of different cell types related to their tissue of origin. However, research suggests that these ‘multi’-potent adult stem cells are not as restricted as initially thought. Indeed, researchers are now able to manipulate them chemically to grow into various types of cells that originate from different tissues. Furthermore, scientists have successfully managed to reprogram or induce ‘regular’ (or non-stem) adult cells that have already specialized or differentiated to have pluri-potent stem cell properties.
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