







HOW TO LIVE FOREVER

And 34 Other Really Interesting Uses of SCIENCE

ALOK JHA

[image: ]


This edition published in 2012 by

Quercus

55 Baker Street

Seventh Floor, South Block

London

W1U 8EW

Copyright © 2011, 2012 Alok Jha

The moral right of Alok Jha to be identified as the author of this work has been asserted in accordance with the Copyright, Designs and Patents Act, 1988.

Hardback edition published by Quercus in 2011

All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publisher.

A CIP catalogue record for this book is available from the British Library

eBook ISBN 978 1 78087 367 1
PB ISBN 978 0 85738 835 3

Illustrations by Guy Harvey and Nathan Martin

You can find this and many other great books at:
www.quercusbooks.co.uk


Alok Jha is science and environment correspondent at the Guardian. In addition to writing news and comment, he presents the Science Weekly podcast and runs the Guardian’s science website. He graduated with a physics degree from Imperial College London.

‘Jha’s clear writing style organises these big ideas in a way that makes them a pleasure to revisit, and an eye-opener if you’re discovering them for the first time. If you know someone who hasn’t thought about science since leaving school, you’d do well to recommend this book to them.’ Dallas Campbell, BBC Focus


CONTENTS

Introduction

1. How to clone a sheep

2. How to start a plague

3. How to live forever

4. How to heal the sick

5. How to build a brain

6. How to turn sunbeams into oak trees

7. How to become invisible

8. How to put the world in order

9. How to make artificial life

10. How to build a Universe

11. How to find ET

12. How to join up the Universe

13. How to make lightning

14. How to put the Universe to work

15. How to split an atom

16. How to know the mind of God

17. How to age slower than your twin

18. How to get life started

19. How to predict the unpredictable

20. How to fight for survival

21. How to boil a planet

22. How to build an Earth

23. How to control the weather

24. How to survive in space

25. How to find the missing parts of the Universe

26. How to programme your genes

27. How to find other universes

28. How to break codes

29. How to live with uncertainty

30. How to know yourself

31. How to spot a pseudoscientist

32. How to become a cyborg

33. How to read minds

34. How to think like an ant

35. How to save the world

Glossary


INTRODUCTION

How do you work out the pressure of a gas on the side of a container? First, imagine a single molecule of gas flying around a container and calculate how hard it hits the surfaces. Scale that model up to work out the combined force per unit area, or pressure, of a system of trillions and trillions of molecules. It’s so simple 15-year-olds could do it. Don’t believe me? Well, I was one of them.

On a winter morning 18 years ago, I finally understood what science was. Until then, it had been a black box of complex laws and descriptions of how things worked. I was convinced the laws of nature were dug out of the ground like mud-encrusted fossils. (I never worked out how. Did they go on digs like archaeologists? If so, where?) And they had all been found anyway. There was no more work to do, just a list of things to learn so that I could pass some exams.

It wasn’t that I had no interest in the world around me. I read books about how stars were formed, made newspapers burn with lenses, collected insects and tried mixing household chemicals, like any child might. But in my mind, none of that curiosity related to what was going on at school. Every physics, biology and chemistry lesson was simply a case of watching another equation, law or definition drop out of a black box.

Salvation for me came from my high school physics teacher. He would plough through the minutiae of the syllabus, but he also taught us what science actually is. Often, he would just set a problem – work out how hot the surface of the Sun is, given the temperature of Earth’s atmosphere, say – and then walk out of the classroom, asking one of us to find him when someone had worked it out. He indulged our curiosity. A classmate was convinced, for example, that crushing a Polo mint gave out a faint blue light, so our teacher gathered us in the photography club’s darkroom to see if it was true. We didn’t prove it that day but it stoked our curiosity for strange questions, which he would patiently answer.

In those two years, we were asked to do what Robert Boyle, Joseph Gay-Lussac and Jacques Charles did from first principles nearly 200 years earlier – work out how pressure, temperature and volume were related. We even had a go at working out how Albert Einstein came up with the idea of the photoelectric effect, which marked the birth of quantum theory. And the thing was, we could do it. These giants of science, immortalized in the names given to physical constants and the laws of nature, had spent decades arriving at their answers. But we could follow their logic. Even better, working out those equations or the answers to apparent conundrums gave a sense of ownership. The black box was beginning to crack open and the decisive move had been made by my own imagination.

Science is all about solving problems and, in many cases, those problems revolve around framing the right question to ask. Perhaps you want to know why nuclear bombs are so powerful or what happened in the second after the Big Bang. Maybe you’ve spent a night or two looking up at the heavens and wondering if there is life out there, or just been curious about how electricity gets into the plug sockets at home. Or you want to know whether or not to worry about the greenhouse effect or how the rich diversity of life has evolved on Earth over its 4.5 billion year history. Maybe you want to know how we found out that Earth is 4.5 billion years old?

These questions (and so many more) have all been answered by one of the most remarkable, creative and collective efforts in the history of humanity. Science has given us the tools to unlock some of the most profound mysteries of the Universe.

I was enraptured by science at age 15 because I remember thinking that there had to be more to the numbers and rules. But plenty of others probably leave behind what they think is a boring and difficult subject at school, forever more carrying an impression that it’s reserved for the nerdy. For anyone who still harbours such thoughts, I hope that you will find in this book a glimpse into what science really is: the remarkable story of the human imagination.


CHAPTER 1

How to clone a sheep

• It starts with a cell

• The difficult biology of cloning

• After Dolly

• Clones to the rescue


In 1997, a very ordinary black-faced mountain sheep gave birth to a very extraordinary lamb. Improbably for a lamb, her arrival generated tens of thousands of words in newspapers, grabbed the gaze of scientists from around the world and induced a bout of soul-searching that still continues today. The birth of Dolly the sheep kick-started a new era of science and, along with it, a whole new set of moral questions for society to grapple with. The reason? Dolly had been cloned from another adult sheep.



It starts with a cell

On paper, cloning is simple. Take a cell from the individual you want to clone and extract the DNA. Put that material into an unfertilized egg, which has had its own DNA removed. Trick this composite egg into dividing, usually with a jolt of electricity, and let it grow in the lab for a few hours or days. If that works, transfer the dividing embryo into a surrogate womb and keep your fingers crossed that the embryo becomes a baby.

In real life the process of ‘somatic cell nuclear transfer’ (SCNT), as the standard cloning technique is known, is a lot harder than it sounds. The scientists at the Roslin Institute in Edinburgh, who created Dolly the sheep, and colleagues in molecular biology laboratories around the world, had been working for decades to understand the SCNT technique before their 1997 success. They carefully watched everything from frogs to mice, prodding and teasing apart embryo cells at various stages to work out how a single cell manages to grow into a complete organism.

Molecular biology has its humble origins in the gardens of an Austrian monk called Gregor Mendel. In the 1800s, he became the first person to study heredity in a systematic way by tracking how the various visible traits of peas, such as the colour of the flowers or whether the peas were smooth or wrinkled, changed over successive generations of plants. He postulated that visible traits seemed to have ‘factors’ of transmission associated with them, which parent plants passed on to their offspring in seeds. Mendel did not know what these factors were but, by the start of the 20th century, scientists began to gather evidence that the transmission had something to do with the DNA at the heart of cells.

How this molecule passed on the information was revealed when, in 1952, Jim Watson and Francis Crick, working in the UK, proposed a structure for DNA: a double helix molecule with a sequence of nucleotide bases, grouped together into genes. The human genome contains around 25,000 genes – these were Mendel’s ‘factors’ that pass on the hereditary information.

Every physical (and, in animals, some non-physical) characteristic is passed from parent to child in the information encoded in DNA. Undoubtedly the most famous molecule in science, the long strands of the double helix are housed in the nucleus of living cells. They contain a precise sequence of four nucleotide bases – C, G, A and T – which give the machinery inside cells the instructions they need to create every protein the organism will need. Everything from the chemical signals that regulate the everyday functions of life to the physical materials that make up muscles, leaves and bones comes from the instructions contained in an organism’s DNA. In an animal, every cell (apart from the egg and sperm) contains a full complement of DNA, although not all parts of the full genome are active in all cells.

As an organism grows, different parts of the genome become activated in different parts of the body at different times. As a boy undergoes puberty, for example, instructions from the brain (in the form of hormones) go out around the body to make the voice box lengthen, muscle mass increase and for hair to grow in new places.

The difficult biology of cloning

Normal sexual reproduction involves creating offspring by mixing half of one organism’s DNA with half from another. In everyday terms, that means a child is produced from combining half of the mother’s DNA and half of the father’s. Cloning bypasses this mixing and takes the child’s DNA from a single parent. The first animal copy made in this way was created by the godfather of cloning, German embryologist and Nobel prize winner Hans Spemann, in 1938. He cloned salamanders using nuclear manipulation techniques, and also came up with the idea for SCNT, although he did not have the technical capability to carry it out at the time.

SCNT was eventually carried out successfully in 1952 on American leopard frogs. Mice and rabbits were followed by the first cloned sheep in 1986, made from early-stage embryos by Danish scientist Steen Willadsen, who would later work with Ian Wilmut, a British embryologist nicknamed the Father of Dolly, to create the headlines of 1997. To make Dolly, the Roslin Institute scientists, through a large amount of trial and error, worked out that the donor DNA for a cloning procedure had to come from a cell that was at the very start of its cell-division cycle. This DNA was inserted into the empty egg using a thin glass needle, and an electrical shock jogged the reconstructed egg into a stage where it could start dividing.

The process is notoriously inefficient. During early experiments on sheep, scientists wanted to test whether the reconstructed eggs would work at all, so they took the DNA out of 244 naturally fertilized embryos and implanted each set into a new hollowed-out egg. Only 34 of these eggs developed to a point where they could be implanted into a womb and, from those, only five animals were born in June 1995. Three died soon after birth but two survived, and were named Megan and Morag.

Having proved that the technology could work, the Roslin scientists attempted full-scale cloning using donor DNA from adult, rather than embryo, cells. Early-stage embryos contain stem cells that are not yet specialized. In other words they have not yet received the instructions to turn into, for example, heart, liver, bone or muscle cells. Growing all the cells required to build an entire organism from these embryonic stem cells, therefore, does not seem to be too much of a stretch.
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The stages involved in cloning a sheep.



But what about using mature, specialized cells from an adult animal? In a skin, bone or heart cell, for example, a lot of the DNA lies dormant because the instructions they encode are not needed for that cell’s daily functions. Could the DNA inside such mature cells be regressed somehow so that all of this dormant genetic material is reactivated? The Roslin Institute’s work culminated, after 277 attempts, in the creation of Dolly, a lamb grown from the DNA of an adult breast cell. (In a demonstration that scientists at the very edge of knowledge still know how to raise an eyebrow in humour, they named the sheep after US country-and-western singer Dolly Parton.)

After Dolly

Once Dolly showed that mammals could be cloned from adult cells, the race was on to reproduce the SCNT technique in other animals. So far, sheep, goats, dogs, horses, cows, mice, pigs, cats, rabbits and a gaur (a type of wild cattle) have all been cloned. In 2007, scientists created the first cloned primate embryo when they copied a macaque monkey.

Humans have proved somewhat more difficult to clone. It took almost another decade after Dolly before human embryos were successfully cloned, but none have yet survived for very long. In any case, the ethical issues around human cloning have led many countries to ban the technology – the United Nations adopted a non-binding resolution in 2005 calling for a worldwide ban on human cloning. Ask scientists, however, and they will tell you that creating new people using cloning has never been the point of research. So-called ‘reproductive cloning’ of humans will be technically difficult, if it not impossible – Ian Wilmut, writing in his book After Dolly, is unsure whether we will ever understand enough to flawlessly clone a person.

The real reason cloning interests researchers is its medical potential. No serious scientist is suggesting that we would need to produce live clones. Instead, after the SCNT procedure, the egg would be allowed to grow for a few days until it produced stem cells, after which the cloned embryo would be destroyed. This technique, technically identical to the first few days of reproductive cloning, is called ‘therapeutic cloning’.

Clones to the rescue

Therapeutic cloning raises hopes for treatments that are well beyond anything possible today – generating custom-made tissues and organs for transplants, for example. Stem cell treatments might start by taking a sample of DNA from a patient and inserting it into a hollowed-out egg. When this reconstructed egg starts to divide, its embryonic stem cells would be harvested after a few days. These stem cells, genetically identical to the patient, could then be used to generate whatever organ or tissue is required, or to replace brain cells in intractable conditions such as Alzheimer’s or Parkinson’s. Such transplants would not be rejected by the patient and would drastically cut the number of donated organs needed in hospitals.

Scientists have had some stunning successes – renowned Anglo-Egyptian cardiac surgeon Sir Magdi Yacoub of Imperial College, London, has created parts of a human heart from stem cells. But there’s a lot of research still to do before therapeutic cloning is anywhere near ready for use in the clinic. Extracting usable stem cells from human embryos is difficult and not without its objectors – many religious groups take issue with the idea that an embryo, a human life in their eyes, has to be destroyed in order to do the work. Stem cell research also contains a path yet to be trodden – knowledge of the complex chemical and environmental cues needed to turn stem cells into specific body cells is in its infancy.

There are few bounds to possibility if cloning research can be done properly and openly. One idea on the edges of possibility (ethically and technically) is the genetic modification of animals to produce ‘humanized’ versions of organs. This idea, called xenotransplantation, is an active area of research. Of all the animals that have been cloned successfully, the closest tissue match to humans are pigs (primates would be a closer genetic match but they are much harder to clone and take longer to reproduce). The idea with pigs is to create clones that are genetically altered to knock out the genes that might cause the human immune system to reject a transplanted organ. British scientists have been making headway in this area, announcing in recent years that they have managed to damp down the action of two of the genes active in pig tissue that might cause a person to reject their organs. Some researchers are even optimistic of human trials within a decade.

But, like all of the possibilities in the field of cloning, each use will raise a new slew of ethical questions. Should a pig die so you can live? More importantly, would you want a pig’s heart beating in your chest?


CHAPTER 2

How to start a plague

• How epidemics start

• The germ theory of disease

• Different types of bugs

• The machinery of germs

• How the body responds

• Preparing for an attack

• The microbes fight back


In the film Twelve Monkeys, a lone terrorist wipes out most of the world’s population with just a box of vials that he carries onto an aeroplane. Each vial contains pathogens that will spread quickly around the world as infected passengers make their way to their destinations. It’s an alarming, but very credible, plot line. At a time when it is possible to travel anywhere in the world in less than a day, it is also possible to transmit unpleasant things that far and that quickly too. Where humans go, so do the bugs that can injure or kill us.



How epidemics start

Before aeroplanes shrank the world, a disease outbreak in one part of the world would have had natural barriers to its spread. Anyone infected would either get better or die without moving very far from the place where they picked up the germ. They would have come into contact with relatively few people and avoided passing on their bugs. After a while, if quarantine procedures were tight, the germs would have nowhere else to go and no-one else to infect, and would disappear. The outbreak would be contained.

Nowadays international plagues are a big risk. Someone infected with influenza could board a plane in Beijing before showing any symptoms, arrive in London 12 hours later, see family or friends and then, only two or three days later, realize he has a temperature. In the meantime, he has exposed hundreds of people on the aeroplane, staff and passengers at the airport and also his friends. Some of those people will become infected and carry the germ to other far-flung parts of the world. Hundreds of infections quickly become thousands, tens of thousands and then millions.

The germ theory of disease

The realization that germs (everything including bacteria, viruses and parasites) cause disease is probably biology’s single most important contribution to public health. The word germ, which comes from the Latin for ‘seed’, was first used in relation to disease in 1546 by Italian physician Girolamo Fracastoro. The first inkling of what germs looked like (or what they were) had to wait until the development of the microscope in the early 17th century, when Dutchman Anton van Leeuwenhoek identified what he called ‘animalcules’ in water and on human teeth – tiny objects swimming around, unnoticed until then. As microscopes improved, so did imagery, and understanding, of van Leeuwenhoek’s animalcules. In 1835, Italian biologist Agostino Maria Bassi showed that a fungus caused muscardine in silkworms. In 1850, French physician Casimir Joseph Davaine found rod-shaped structures that he called ‘bacteridia’ in the blood of animals that had died of anthrax.

Though the evidence grew, germ theory was not easily accepted by doctors. If it seems obvious now that microbes cause disease, spare a thought for the Hungarian obstetrician Ignaz Semmelweis. Working in Vienna’s Allgemeines Krankenhaus (‘General Hospital’) in 1847, he noticed that women who gave birth with the help of doctors or medical students were more than twice as likely to develop puerperal fever, also known as childbed fever, than women who were helped in labour by midwives. This disease was common in hospitals in the mid 19th century and could be fatal, with a mortality rate of up to 35 percent. Semmelweis noticed that the fever was especially common when the attending doctor had come directly from an autopsy. He put forward the idea that puerperal fever was an infectious disease and that it had something to do with the dead bodies in autopsies. As such, he encouraged doctors to wash their hands in chlorine solution after autopsies, a simple procedure that reduced the mortality from childbirth ten-fold at his hospital. The wider medical establishment of the time, however, was dubious about the germ idea. They rejected Semmelweis’s thesis as he got ever more desperate to spread his message. He wrote open letters to prominent doctors, calling them murderers, and even his wife thought he was losing his mind at one point. Semmelweis was committed to an asylum in 1865, where he died shortly afterwards of septicaemia. It would be decades before his ideas were accepted.
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An influenza virus, showing RNA material (at the centre) surrounded by a coat of proteins.



Despite the work of Semmelweis, hospitals remained largely unsanitary places until French chemist Louis Pasteur postulated three ways that germs might be destroyed – heat, chemicals or filtration. The British surgeon Joseph Lister experimented with antiseptic treatments for wounds using carbolic acid and also sprayed surgical instruments with the substance, attempting to prevent bacteria from getting into wounds in the first place. Both techniques reduced the instance of gangrene in Lister’s patients and the techniques of antiseptic surgery became widely adopted by the close of the 19th century. Semmelweis was posthumously elevated to his rightful position as an early pioneer of antiseptic techniques, as germ theory took hold.

Different types of bugs

Even as germ theory started to become mainstream with the acceptance of the existence of bacteria, scientists began to wonder if bacteria told the whole story. In 1896, Dutch biologist Martinus Beijerinck proposed that water-soluble microbes, too small to be seen by microscopes, might be another way to transmit disease. These would pass through the filters that had been developed to stop bacteria. When scientists found that whatever caused tobacco mosaic disease, for example, could pass through filters, Beijerinck named these new particles ‘filterable viruses’. He wondered if some sort of contagious living fluid was the cause. Filterable viruses were soon found to be at the cause of diseases such as influenza, rabies, vaccinia, foot and mouth, yellow fever and herpes simplex.

Today we know that there is no living fluid – we simply call these particles viruses – but when germ theory was being developed, the word virus (Latin for poison or morbid principle) was a generic term for anything that caused or transmitted disease. However, by the 1930s virus was a distinct term from bacteria. Imagery of viruses had to wait until the early 1930s and the development of the electron microscope, which revealed that viruses had regular structures and came in an array of shapes and sizes – from simple rods to intricate structures with tails. It also showed that they are not picky about what to infect – French-Canadian biologist Félix d’Herelle discovered bacteriophages, which are viruses that infect bacteria.

The machinery of germs

Unlike bacteria, which are complete cells that can exist by themselves as long as they have a source of nutrition, viruses parasitize their host and are unable to replicate by themselves. Usually composed of a protein coat encasing a strand of some genetic material, there is some debate about whether they can actually be classed as alive. When a virus infects a cell, it injects its DNA and the cell’s machinery ends up doing what it always does when it comes across this sort of molecule – it replicates it. As the cell makes more copies of the virus, it is diverted from its real job of keeping its own body alive. Eventually, after the cell is filled up with copies of the virus, the copies burst out and go on to infect more cells. During this process, known as ‘lysis’, the body cell dies. As more and more cells die, the infected organism begins to suffer and the symptoms manifest themselves as disease. The symptoms of most virus infections are systemic – influenza, for example, produces runny noses, coughs and body aches. Bacterial infection symptoms are more localized – an infected cut, for example, will be painful around the site of the wound, while a bacterial throat infection usually sits on one side of the throat. However, some bacteria, such as Clostridium botulinum, secrete toxins that can cause damage around the body, such as muscle paralysis.

How the body responds

Given all their myriad tricks, why have all these minute particles not wiped us out completely? Fortunately for most multicellular organisms (including us), foreign invaders are repelled by the immune system. In humans, the immune system is composed of white blood cells that patrol the body in search of anything that looks foreign. Different types of white blood cell do different things – some of them engulf invading particles, while others produce antibodies that can kill germs. Once the immune system has killed off the infection from a particular germ, it will remember how to tackle the bug in future, as the relevant antibodies will continue to circulate in the bloodstream.

However, the immune system can be a double-edged sword. Often it is a powerful immune response to a germ that causes the symptoms of an ailment, such as high fever and inflammation, and sometimes these can be more devastating than any direct damage from the microbe. The victims of the deadliest flu pandemic in history, the 1918 Spanish flu, were killed when their bodies unleashed an uncontrolled immune reaction as a protective mechanism. Patients’ lungs rapidly became inflamed and filled with blood and other fluids, which eventually drowned them. That strain of influenza ravaged populations around the world, killing an estimated 50 million people before it eventually died out.

Preparing for an attack

The immune system can be trained even before a person gets infected with a microbe. In 1800, English scientist Edward Jenner developed the first vaccination when he confirmed previous anecdotal evidence that prior infection with a benign disease of cows, called cowpox, protected humans from the more lethal smallpox. Louis Pasteur extended this technique to other diseases, both for bacteria and viruses. He weakened the fowl-cholera virus to reduce its virulence and also developed vaccines for anthrax and rabies. Weakened pathogens are now regularly used to induce a mild illness in people as a route to confer immunity. Some diseases have been wiped out completely in the wild by careful monitoring and vaccination. Smallpox, for example, now only exists in a small number of laboratories around the world, and is used exclusively for scientific research purposes.

Another reason we have not been wiped out by wild bacteria and viruses is drugs. Scottish biologist Alexander Fleming discovered the first antibiotic in the 1920s when he saw that a mould that had accidentally grown on a Petri dish seemed to have anti-bacterial properties. He discovered that the mould was producing a chemical, eventually named penicillin, which was widely used to save the lives of soldiers in the Second World War. Drugs to treat viruses took longer to develop. Until the first experimental anti-virals to treat herpes came along in the 1960s, there was little that could be done for anyone who developed a viral infection. Vaccinations had reduced the chances of contracting a virus but, once infected, medics could only treat the symptoms while the virus ran its course. In the past few decades, however, a better understanding of virus structure and genetics has given scientists targets to design the drugs needed to attack them, preventing them from replicating in a host.

The microbes fight back

For every immune response that disables the effects of a virus and every drug that wipes out a species of bacteria, another bug will evolve to become resistant to the attack. This evolutionary battle between pathogens and the living creatures they attack has been going on for millions of years, refining the genomes of each side as time goes on. As bacteria multiply, random mutations can make some of them invulnerable to certain antibiotics. Once one bug is protected, the resistance can quickly spread through a population and eventually render certain drugs useless. Our over-use of antibiotics hasn’t helped, leading to an increased number of resistant bugs. The worry is that, one day soon, a superbug will emerge that is resistant to all antibiotics.
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A virus infects a cell, gets copied and these copies burst out. The cell dies in the process.



For our lone terrorist to make a world-killing plague, he would need to find a superbug that had never been seen in the wild before, so that no one would have natural immunity. By cataloguing the things that make individual bugs resistant to different drugs, he could also make sure his plague was resistant to all medications, meaning that it could not be controlled. Then he would step on the plane, and watch as the disease spreads all by itself.


CHAPTER 3

How to live forever

• Why life can kill

• Wasting away

• Programmed to die?

• Reversing the inevitable

• Some tips for a longer life


The German philosopher Martin Heidegger was not far wrong about the inevitability of death when he wrote: ‘As soon as man comes to life, he is at once old enough to die.’ But how does a living thing die? If it isn’t, as the ancients thought, the will of the gods or because some force of vitality is extinguished in a body of earthly matter, can death be defined precisely in terms of biology? What does it mean, at the level of hormones, cells and molecules, for something to age and, eventually, shuffle off this mortal coil altogether? And what can we do to stop it?



Why life can kill

Life is a drag on the body. All those years of eating poisons, fighting illness, getting stressed, breaking bones, sunbathing, refusing to eat vegetables and countless other things that build into a typical life, all take their individual toll on the body. Human cells of all types are remarkable at fixing themselves on a minute-by-minute basis. Whenever there is danger, an array of internal machinery leaps into action, ready to destroy invaders, knit bones together, plug breaks in the skin or repair the DNA inside the cell nucleus.

But our already overworked cells cannot possibly fix everything. One biological definition of death is simply the final result of this never-ending attrition: as something grows older, it accrues more faults and its repair machinery simply cannot fix them all. Perhaps some damage to a piece of DNA leads to a fatal cancer. Or perhaps a perfect storm of smaller faults, each manageable or innocuous on its own, combine to make the body susceptible to a pathogen at a particular moment. If the protective parts of the body cannot work together fast enough, death is inevitable.

Wasting away

The physical state of our bodies over time – from bones, muscles and hearts to brains and immune systems – depends on everything from genetics to the type of environment in which we have chosen to live out our lives. Access to medication is also important, and even a person’s level of education has been found to influence life span. But age is its own risk factor for death. There’s little doubt that getting old is the biggest single risk factor in contracting life-shortening diseases, from dementia to cancer.

Beyond the age of 30, the human body begins a process of streamlining. This might fly counter to many people’s individual experiences of getting older (how many people in their mid-thirties can say they have the same figure as a decade earlier?), but the facts are clear: between 30 and 80, a person will lose 40 percent of their muscle mass, and the fibres left behind are somewhat weaker than their youthful versions. It is a similar story with our bones. The strength and mass of the skeleton will rise until the early 30s, after which men lose around 1 percent of their bone mass every decade. This figure is the same for women but, around the menopause, their bone loss speeds up to around 1 percent per year. This alarming bone loss does slow down again to the same rate as men after a few years but the effects are chilling: in five years, a post-menopausal woman’s skeleton can age by 50 years compared to a man’s of a similar age. Weaker bones are more likely to break. Weaker muscles mean an inability to react appropriately to prevent a fall or jump out of the way of a moving car or bike. Both can have devastating effects because, as the body grows older, it takes ever longer and more effort to effect the necessary repairs.

Cancer affects all age groups but the absolute rate of death goes up with age. In the UK, more than 140,000 people over the age of 70 are diagnosed with cancer every year and more than 100,000 of them will die from it. The most common cancers in this age group are lung, prostate, breast and colorectal cancers. With a rapidly ageing population in all parts of the world, these numbers are only set to increase.

And let’s not forget the brain. After the age of 40, this organ decreases in volume and weight by 5 percent every decade. Some people are relatively unaffected by this change, while others might become more forgetful over time and develop neurodegenerative diseases, such as Alzheimer’s. If the genetics and environment conspire, a person could end up with conditions such as Parkinson’s or Huntingdon’s disease.

Programmed to die?

Body cells are dividing all the time. This is obvious when babies turn into children and children grow into adults. But an adult’s body cells also refresh themselves on a regular basis, partly to replace the cells that die because of the damage they undergo as we go about our daily lives. One of the most damaging things for a body cell is something that it creates itself: a free radical. This is a highly reactive molecule, a by-product of the metabolic reactions carried out inside cells that turn food into usable energy. Free radicals tear through the body, damaging anything they come into contact with – from the proteins that make up the structures and enzymes, to the fats that surround cells, and even the DNA inside the nucleus. Damage to proteins can cause different symptoms depending on where the free radicals strike. In the kidney they can lead to renal failure, they can cause stiffness in blood vessel walls, while DNA damage results in a cell not being able to produce the proteins it needs to work properly.

As cells carry out their functions, whether they make up the blood, liver, skin or muscle, they will eventually pick up damage from free radicals, poisons or for other physical reasons, and become less efficient at what they do. Many will die. New cells with new machinery are always required to make up for the unhealthy or dying cells. In a process called mitosis, a healthy body cell will split into two over a period of days, each cell an exact copy of the original, now able to do double the work of the original.

But cell divisions also have their problems. Cells that have divided many times will accumulate mutations in their DNA, since no copying process in such a complex molecule can ever be perfect. Most mutations have no effect on the function of a cell but, every so often, DNA damage can lead to uncontrolled cell division and cancer. Cells therefore have several inbuilt limits to how many times they can divide. One mechanism, called apoptosis, is activated when a cell is too damaged to repair for whatever reason. This programmed cell suicide means that it is removed from the body before it can do any further harm.

The mechanism that prevents cells accumulating too many dangerous mutations in its DNA involves the cap on the end of the chromosomes inside cells, called a telomere. Every time a cell divides, the DNA is copied but the telomeres, which are glued to resulting chromosomes a bit like the caps on shoelaces, get shorter. When the cap is too short, the cell can no longer divide. This successive shortening implies a limit to the number of times a cell can divide and, perhaps, an upper limit to the age of a cell. If, after its assigned number of divisions, a body cell cannot divide and replace itself in the event of damage, it will eventually die or continue to work well below its best.


[image: ]

Telomeres (the dark grey caps on the ends of these chromosomes) prevent a normal body cell from dividing too many times.



Multiply up by several million cells like this and you can see that the body might suffer. Whether the telomeres are the ticking clock on our life spans has not been completely determined – experiments on nematode worms genetically modified to have longer telomeres showed that they did have longer life spans, but whether the link between telomeres and cell ageing is causal or coincidental is still up for debate.

Reversing the inevitable

Death might be inevitable but the path need not be quick nor painful, however many blocks life might throw our way. Modern medicine has already done a remarkable job of extending our life spans, and the benefits keep coming: by this time tomorrow, your life span will have increased by almost five hours. At the turn of the 20th century, anyone reaching the age of 60 was considered to be near death’s door. A hundred years later, they are barely old enough for retirement.

In addition to the scores of treatments already available for diseases such as cancer, hypertension and diabetes, scientists are also working on a range of drugs to deal with the stuff that wastes away. There are already medicines that can prevent muscles and bones wasting away so quickly, and research teams are working on ways to
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