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  Preface




  You hold in your hands Life in the Universe: A Beginner’s Guide; thank you for picking it from the shelf. This book tells the story of our place in the

  cosmos and the prospects for finding life beyond the Earth, a field of scientific research that has come to be called ‘astrobiology’. It has been written as both a popular science book,

  for anyone curious about the existence of life ‘out there’, and also an entry-level primer for undergraduate or postgraduate students starting a course in astrobiology. A glossary and

  reading list have been included at the back of this book to help those starting afresh in this field.




  Over the coming chapters we’ll consider some of the most fundamental questions in science. What actually is ‘life’? How did it develop on our own world? In what way might the

  Earth be special, or the entire Universe be fortuitously set-up to allow life? Where else in the solar system or galaxy as a whole might the conditions for life be met? We’ll take a look at

  some of the hardiest life-forms known on Earth, how cells might be transferred between planets, and what dangers lurk out in the depths of space. We’ll travel through four billion years of

  our planet’s history and take a guided tour of the mostly likely abodes in our own solar system, before voyaging out to the pinprick stars that speckle our skies.




  I encountered three main problems writing this book on astrobiology. The first was both a joy and a frustration. As astrobiology is such a fast-paced discipline, some information will have

  become out-dated even before the ink has dried on the page. For example, since completing the draft the first terrestrial planet orbiting another ‘main sequence’ star has been

  discovered, a world only five times bigger than Earth. The planet is not thought able to bear life as it lies far beyond the habitable zone of its cool red dwarf star, but it does constitute the

  most Earth-like discovery so far. An equally ground-breaking finding has been made within our own solar system. Enceladus, a small moon of Saturn, has been discovered to be surprisingly active;

  spewing out a plume of water from an area of blue ‘tiger stripes’ near its south pole. Astrobiologists have always over-looked this unimposing moon, but the realization now is that with

  pockets of liquid water there is the possibility of life even here. In support of this is the steadily amassing evidence that certain cold-tolerant cells on Earth remain active well below –20

  °C, the temperature previously thought to represent the lowest limit for life.




  Second, this new discipline spans an enormous diversity of different research areas, each with their own extensive body of background knowledge and terminology. I have done my best to present

  all these facets equally, whilst being careful not to swamp the text with excessive jargon or peripheral detail.




  Thirdly, astrobiology is still at an early stage of development, striving to secure its foundations in scientific bedrock. Much of the data collected so far is ambiguous and we have a very

  incomplete picture of many of the most crucial areas, resulting in fierce controversy and debate over correct interpretations. I have tried to fairly present all sides of an argument, but been

  careful not to lose the reader in an intricate and bewildering web of conflicting evidence, claims and counter-arguments. Despite discussing many of these ideas with the leaders in the field and

  rigorously checking every fact, misrepresentations and factual errors will still invariably have crept into the text. For these I apologise.




  It goes without saying that this book would have been impossible without the selfless efforts of many people, offering me their time to comment on the evolving drafts and help check facts and

  theories, as well as countless fascinating conversations in conference coffee rooms, corridors and staircases. A few deserving special mention include Alan Aylward, Emily Baldwin, Tom Bell, Andrew

  Coates, Ian Crawford, Chris Lintott, Nicola McLoughlin, John Parnell, Andrew Pomiankowski, Dave Waltham, John Ward, and Julian Wimpenny. Great thanks also to my expert illustrator Piran Sucindran,

  copy editor Ann Grand and the hard-working team at Oneworld Publications; Marsha Filion, Kate Smith, and Mike Harpley.




  But perhaps the most important acknowledgements are for those who don’t realise how valuable their influence has been. I speak here of my friends and family that have hauled me through the

  rough patches of this project, and especially my grandfather who bought a young schoolboy his first popular science book, and opened my mind to the marvels of the Universe. I owe you all an

  incalculable debt of gratitude.




   




  Lewis Dartnell




  London, 2007
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  Introduction




  As I write this, I occasionally look up and gaze on the world resting on my desk. I don’t mean a satellite photo stuck to the wall or a globe balanced on a bookshelf. This

  world is a complete living, breathing, swarming, thriving system, the condensed essence of Earth, encapsulated in a hollow glass globe no more than six inches across; an entire ecosystem on a

  Lilliputian scale, sealed from the outside world, self-contained, self-regulated and with a potentially infinite lifespan. The idea behind my ‘EcoSphere’ is elegantly simple. The four

  main components of the Earth: lithosphere, hydrosphere, atmosphere and biosphere (rock, water, air and life), are reproduced in miniature within the glass orb. Land is provided by a handful of

  pebbles on the bottom of the ball, a few inches of water recreate the ocean and a bubble of atmosphere is trapped above. On a warm day water evaporates from the surface of the pool and condenses,

  like a cloud, on the underside of the glass. Drops form and rain back into the ocean, completing the water cycle. Animal, plant and bacterial life forms are contained within the microcosm,

  represented by a small group of shrimp, green algae and a horde of invisible microbes clinging to the surface of the pebbles or free-floating through the ocean. Nothing can enter or leave; all the

  materials necessary for life must cycle endlessly within the system. The miniature world’s inhabitants depend on each other for survival but the algae are the keystone. The bubble of life

  depends on them, as they use sunlight to produce the nutritious sugars and oxygen the shrimp and some bacteria need to survive. The whole system is driven by light; energy released by nuclear

  fusion reactions ninety-three million miles away in the Sun’s broiling core.




  As well as being wonderfully distracting, this fragile little orb perfectly demonstrates many concepts that are crucial to life on Earth and therefore what we can deduce about the possibility of

  organisms on other worlds. This set of questions about our own origins, what processes occurred during the development of life, what conditions or raw materials are necessary and where else these

  prerequisites might be satisfied is shaping itself into a new field of science. Astrobiology, the study of life among the stars, is one of the hottest areas of multi-disciplinary research, fusing

  knowledge from biology, chemistry, astrophysics and geology. This multi-disciplinary study of the ‘origin, evolution, distribution and future of life in the Universe’ is sometimes

  called exobiology, xenobiology or bioastronomy. This book, a beginner’s guide to astrobiology, will take us on a tour through the most exciting lines of thought in this new science, the

  latest findings and what still remains to be understood. By way of introducing some of the most important ideas, for the moment I’ll turn back towards my toy bubble world, my EcoSphere.




  Within the EcoSphere, some things are very obviously alive. The shrimp actively swim around, feed off the algae, grow, and occasionally reproduce to create another individual in their own

  likeness. If one were to be captured and sucked into an analysis tube, it could be seen to be reducing the levels of oxygen in the water, while simultaneously releasing carbon dioxide. If the

  shrimp is denied oxygen or nutrients for long enough, it will cease to display this activity and will be said to be dead. On the other hand, the pebbles resting on the bottom of the EcoSphere are

  clearly nonliving. They do not move, respond to their environment, grow or divide and are completely inert as far as the levels of chemicals in the water are concerned. Drawing, from our

  observations, the conclusion that shrimps are alive while pebbles are dead, is simple enough in this example. But what about observations made by one of our robotic probes sent to an alien world to

  search for life? How would we know what signs to look for? What chemical processes might betray its activity? How can we be so sure that life, completely independent of our own, which has followed

  its own evolutionary course for billions of years, would be anything like us? Would we recognise alien life if we landed right on top of it? What makes us think it would be carbon-based and living

  in water and not built from completely different molecules and employing an exotic biochemistry? For that matter, what actually is ‘life’?




  The EcoSphere also demonstrates the distinction between two fundamentally different walks of life. Some organisms are self-sufficient and can support growth by extracting raw materials and

  energy from their environment; others consume other organisms. The algae are photosynthetic; using the energy from sunlight to make complex biomolecules to feed and re-create themselves

  (photosynthetic literally means ‘building with light’). The algae are self-sufficient but the shrimp and bacteria are entirely reliant on the nutrition they provide. One of the greatest

  unknowns regarding the origin of life on Earth is whether the first cells fed on preformed organic molecules or were completely self-sufficient. Other than photosynthesis, what other sources of

  energy might alien life capitalise on? Could photosynthesis be a common trick for life, soaking up the light of suns throughout the galaxy? Oxygen released by photosynthesis has built up to a high

  level in the Earth’s atmosphere and such a feature may also indicate the existence of similar life on distant planets, a signature we could detect light years away. The evolution of

  oxygen-releasing photosynthesis also produced one of the most profound changes in the history of the Earth.




  The EcoSphere is completely sealed; any materials needed by life must circulate within the system. Both the shrimp and the algae produce carbon dioxide as a waste product, which is a raw

  material for the algae’s photosynthesis. The carbon cycles invisibly within the sphere; released by the shrimp, stored as gas in the atmosphere, dissolving into the water, taken up by the

  algal photosynthesis and locked into the complex molecules used to build its cells, eaten by the shrimp, released again and so on round the circle of life. This mirrors the passage of carbon

  through the hydrosphere, atmosphere and biosphere of the Earth. But the little EcoSphere misses one other crucial aspect of the real full-sized ecosystem – carbon can also become locked in

  rocks and carried deep into the Earth’s interior by plate tectonics, before being released in volcanic eruptions. The rocky lithosphere constitutes a crucial fourth stage in the carbon cycle.

  The smooth running of the carbon cycle and the involvement of plate tectonics is thought by some scientists to have been crucial for the long-term stability of the Earth’s biosphere. Every

  organism on Earth is not only inextricable linked to many others through food webs but also into the very fabric of the planet, with the essential elements circulating though rock, water,

  atmosphere and biosphere.




  The EcoSphere, with its continually-circulating elements sealed within a transparent barrier, is a closed system, identical to the Earth isolated in space. This is true in terms of matter;

  energy, in the form of sunlight, must come from outside. As long as the EcoSphere receives a steady supply of light it could potentially run indefinitely, just as a watermill could turn perpetually

  in a river. But of course my little ecosystem won’t actually live forever. Such a small dynamic network is particularly sensitive to perturbations: too much of a disturbance away from its

  healthy equilibrium could cause it to ‘crash’. If the globe is left in the sun all day, the water may warm too much, heated by the greenhouse effect of the all-enclosing glass wall, and

  the shrimp die. Too great a period of darkness and the photosynthetic algae die. Exactly the same dangers threaten our planet: the steadily brightening Sun will eventually boil off the oceans and

  sterilise the Earth’s surface. There is evidence in the fossil record of long stretches of time when almost all photosynthetic activity ceased, the Sun’s light blocked out by a global

  layer of thick ice. In the microcosm trapped in my glass sphere, the death of the algae and thus the disappearance of the only source of both oxygen and food would almost immediately lead to the

  shrimps falling extinct. With the disappearance of the algae and the shrimp, the countless hordes of bacteria suspended in the water or clinging to the pebbles would be living on borrowed time. The

  complex organic molecules of the dead higher organisms would fuel bacterial growth and division for a limited period before this last component of the collapsing ecosystem would also starve to

  death. Chemically, the entire system will run out of available energy, and decay to a stable, but dead, equilibrium. Eventually the complex structures of the bacterial cells would break apart and

  all that would be left of the once vibrantly dynamic ecosystem would be an inert watery soup of basic organic compounds. In one sense, ‘life’ is nothing more than a self-sustaining

  entity, complex enough to use the available energy to maintain its own complexity and eventually reproduce to beget more.




  My EcoSphere is a working model of an Earth-like planet; one with an oxygen atmosphere and great oceans of water. But the young Earth was dramatically different. How did the primordial,

  hell-like, Earth develop into the cool, wet place we now call home? What range of conditions can different forms of terrestrial life survive? We shall look into hardy cells that thrive in boiling

  acid or within pockets of saturated salt water trapped in solid ice. All the life within the EcoSphere ultimately depends on light-catching algae but in later chapters we shall explore entire

  communities which survive in the dark depths of the oceans and bacteria miles underground, which eat rock and are completely independent of the Sun’s energy. Could similar cells be surviving

  in niches in the solar system? We shall tour other prime possible astrobiological locations in our own backyard; visit aquifers of liquid water deep beneath Mars’ rusty surface, float among

  the clouds high in Venus’s atmosphere and drift through the frigid global ocean trapped under the face of Europa. What about worlds even further afield, orbiting the pinprick stars scattered

  across the heavens? Astronomers are discovering new planets at a prodigious rate – which of these are the most likely to be inhabited? What is a Red Dwarf (when it’s not a sci-fi comedy

  series)? Could photosynthetic organisms be soaking up the rays of a dim red alien star? Might cells survive even in outer space? Could life itself be transferred between planets in our solar system

  or even between the stars, like a cosmic infection spreading through the galaxy?




   




   




  Astrobiology




   




  The field of astrobiology encompasses many things. It is the study of diverse ‘extreme’ organisms on Earth, research into the origins of life on our own planet and

  discussion on what processes and environmental conditions might be necessary. It is the search for potential niches for life, both within our solar system and throughout the galaxy. It is the

  design of lab experiments into prebiotic chemistry or into alternatives to the idiosyncratic systems developed by terrestrial life. It is the construction of rigorous life-detecting experiments and

  instruments, flown on space probes throughout the solar system. My particular field of research is into the levels of radiation which any life surviving on Mars would need to endure and this tiny

  piece of the jigsaw puzzle would fall into place somewhere on page 129.




  Astrobiology is necessarily multi-disciplinary and to some extent it is difficult to define the field of knowledge it covers. Some of it is speculative, or based on incomplete data, which is to

  be expected of a fledgling discipline. Some critics have described it as a science that has yet to demonstrate its subject matter even exists, in that not one single example of life beyond Earth is

  known. This is undeniably true, but not in the sense of doggedly searching for a mystical beast like the Loch Ness Monster. As with any science, hypotheses are postulated, experiments constructed,

  theories refined according to the data and improved experiments designed.




  Astrobiology was not born to explain a particular discovery, as microbiology developed to explain sightings through the first microscopes but is the offspring of more mature scientific

  disciplines as they overlap. Astrobiology can point to no specific inception but has gradually gathered momentum and acceptance over the last fifty years, as discoveries within biology and space

  exploration show that extra-terrestrial life really is possibile.




  I shall begin the story with the most fundamental question of all: what actually is life?
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  The workings of life




  What is life?




   




  What is life? This, seemingly straightforward, question has plagued biologists, philosophers and theologians for centuries. It is mindlessly easy to discriminate between what is

  alive and what is dead. Jaguars, oaks and mushrooms are obviously living. Some life is recognised on a different time- or size-scale. Watched over a long enough period, lichen, the coloured crusts

  on old stone walls, can be seen to grow and develop; a chemical test of the air around them would tell you they were indeed photosynthesising. Magnified fifty times through a microscope, a drop of

  pond water teems with minuscule organisms. On the other hand, rocks, fires and clouds are clearly non-living. However, simply providing a list of things which are alive is not the same as being

  able concisely to define what are the properties of ‘life’. Schoolchildren are often taught that life is defined by a checklist of seven characteristics: that living things eat,

  excrete, move, grow, reproduce, respond to changes in their environment and maintain a constant internal state. Some non-living entities satisfy a few of these attributes: fires grow and spread,

  self-sustaining from a flow of energy, consuming fuel and excreting waste products by the same oxidation reactions that run a cell and the ordered pattern of atoms in a crystal is able to reproduce

  itself. Equally, some living things do not tick all of the boxes: mules are sterile and unable to reproduce; although each of its component cells is alive, the whole animal fails the seven-part

  test. We need a more sophisticated definition.




   




   




  Life as information transmission




   




  One attempt to characterise life is known as the Darwinian definition. First, this states that life must contain a description of itself; an operating manual or set of

  instructions on how it can be rebuilt. Crystals are thus excluded, as they do not contain a true description of themselves but grow only because their structure organises free units onto an

  existing pattern. Second, it states that the individual must be able to carry out the instructions on its own and so self-replicate. This rules out viruses, as they reproduce by hijacking the

  molecular machinery of the host cell they have infected. All life on Earth has its operating manual: its text, a set of genes within the DNA molecule. A huge array of proteins translates and

  performs the instructions. This type of classification is therefore also known as a genetic definition. (Genetic here has a much broader sense than just ‘section of DNA’; something much

  closer to its Greek root meaning ‘mode of formation’.)Third, it states the system must be capable of evolution by natural selection. This implies that the method of duplicating genetic

  information should be inaccurate, so that errors or mutations are introduced, creating random variation within a population of replicators, ensuring that when faced with environmental stress only

  some survive to reproduce. This is the mechanism of Darwinian evolution; over time the replicators adapt to become better suited to their surroundings. This process honed the abilities of the first

  replicating molecules to produce cells, animals and eventually, almost four billion years later, the self-aware species that we are. It is often said that the human body is nothing more than an

  elaborate organic robot, solely designed to aid the replication of our DNA.




  The Darwinian definition prescribes that life need only possess a system of information storage and transference – transmitting the genetic instructions to the next generation. Life is

  defined by what it does, not what it is made of. This classification is much less restrictive than others and includes ‘non-biological’ life. The development of artificial or A-life, is a burgeoning field: many different systems have been built with, for example, replicating computer code replacing organic polymers and hard discs

  the primordial soup. The processes of mutation, competition, death and evolution are the same, only the supporting medium is different.




   




   




  Life as energy disequilibrium




   




  A second definition for life specifies that in addition to information transmission, the system must extract energy to maintain itself. The problem is that a self-replicating

  system demands an extraordinary level of complexity. Complex organisations are very improbable – there are vastly more disordered ways to arrange a cloud of atoms than ordered into a

  functioning cell. Everything in the Universe naturally deteriorates from a state of high order to one more disarrayed. In technical terms, systems fall down the entropic gradient, from an ordered

  state of low entropy, to an equilibrium level with greater entropy. Life constantly fights this trend towards degeneration, keeping itself far from equilibrium. It does this by pumping in energy

  – it takes work to maintain an ordered state. Energy can be extracted from something as it degenerates; for example the heat given off by an ordered wooden log as a rush of oxidation

  reactions reduces it to ash and hot gas. Effectively, life allows one system to slide down the slope of organisation to push another uphill. A fungus sprouting from a tree stump survives by

  extracting the same energy as a fire but in a carefully controlled manner. Life requires a constant energy flow and can only survive where there is an external gradient. A little later in this

  chapter we will see how different forms of terrestrial life extract energy from their surroundings.




  Modern terrestrial life performs these functions elegantly. It holds a complete description of itself as well as an elaborate network of chemical reactions which release energy, harnessing it

  to build useful molecules and maintain its own complexity. An army of proteins oversees this metabolic network and provides the machinery to carry out the instructions

  contained in the DNA and to copy it for the next generation. A third attribute of terrestrial life is that it is contained within an enclosed space. All life on Earth is cellular; bound by a

  membrane which physically separates the inside from the outside, preventing the different components from simply drifting apart, allowing control over the internal situation, the import and

  hoarding of valuable nutrients, the exclusion of waste products and the creation of chemical gradients to allow energy generation. Once, information storage and metabolic reactions were separate;

  in Chapter 4 we shall explore theories as to how these two crucial functions came to be integrated into the first cell. But first, what exactly is a cell?




   




   




  Cells




   




  Traditionally, there were thought to be only two fundamentally different forms of life on our planet. Animal cells like our own, as well as those of plants and fungi, store

  their DNA within a nucleus and are called eukaryotes. Bacteria represent another, more ancient, form of life without a nucleus, called prokaryotic (literally meaning ‘before the

  nucleus’). Their DNA, twisted into a closed loop, floats free within the watery cytoplasm of the cell. Eukaryotic DNA is stabilised into chromosomes, within the nucleus, and this innovation

  seems to have allowed a much greater information capacity – the eukaryotic genome is up to 10,000 times larger than a bacterium’s.




  This is not the only difference between the two cell types. In addition to the nucleus, the inside of an eukaryote is extensively subdivided into many different compartments or

  ‘organelles’, such as mitochondria, the ‘powerhouses’ of the cell, which perform many of the reactions that extract energy from food compounds to produce the

  energy-storing molecule adenosine triphosphate (ATP) and chloroplasts, present in algal and plant cells, which perform the light-harvesting reactions of photosynthesis. The process of

  protein synthesis is also much more sophisticated in eukaryotes. The ribosomes that make proteins are similar to the prokaryotic version but are concentrated on a special membrane which billows out

  from the nucleus. From there, new proteins are passed to a stack of organelles, where they are further processed, step-by-step, into a finished product. Figure 1 shows a rough

  schematic of a typical animal cell. Plant cells, in addition to the specialised features shown, have a thick cell wall for protection and support, a large central sac for storage and a horde of

  chloroplasts for photosynthesis.
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  Figure 1 Schematic cut-away of a typical eukaryotic animal cell. The defining feature of such a complex cell is the chromosomal DNA within the nucleus, but

  other crucial innovations include organelles like mitochondria and the Golgi body.




   




  Eukaryotic cells also have a far more advanced scaffolding and transport network, with thick strands of proteins strengthening the outer membrane or forming long poles that other proteins or

  whole organelles can be dragged along. These protein filaments allow a much more refined process of cell division than in prokaryotes. They also give the eukaryotic cell superb control over its

  outer membrane, which it can use to crawl over the surface or predate on smaller cells to engulf and digest them. This final ability is thought to have been an extremely important development, as

  it explains how eukaryotic cells acquired their mitochondria and chloroplasts. Both these organelles are believed to have once been free-living bacteria. The evidence for this is abundant:

  mitochondria and chloroplasts show many features characteristic of bacteria, such as circular DNA strands and sensitivity to antibiotics, and they are not created by the host cell but reproduce

  themselves. At some point, they became swallowed by an early eukaryotic cell but not broken down. Over evolutionary time, the bacterium and its host cell became so inter-dependent that they are now

  quite inseparable. The nucleated cell is absolutely dependent on the energy provided by its mitochondria (and chloroplasts for photosynthetic eukaryotes); in return the organelles receive essential

  nutrients and protection. Such a close partnership is known as symbiosis; when one organism actually lives inside the other it is called endosymbiosis.




  To contain this internal organisation, eukaryotic cells are generally much larger than prokaryotic. The total number of prokaryotic cells living on and in the human body outnumbers, by at least

  ten times, the amount of eukaryotic cells: you’re more bacterial than you are human. There is an enormous difference in scale between the smallest bacteria and the largest eukaryote. There

  are nanobacteria just 0.4 micrometres across, barely large enough to contain all the molecular machinery thought crucial for life; the largest cell known is a fist-sized

  eukaryote, a giant amoeba found in ocean abysses that builds itself a protective cage of sediment. By comparison, the largest bacterium is just over half a millimetre in size – only just

  visible to the naked eye but a Goliath of the microbial world.




  This traditional understanding (that there were two fundamental forms of life – cells with a nucleus and cells without) was the story until recently. The evolutionary history of mammals

  can be reconstructed from distinctive features, such as traits of their skeletons, traced back through the fossil record but similar techniques are impossible for the minute features of single

  cells. However, in the early 1980s, a new technique based on the sequence of letters in a particular gene was used to draw the family tree of all life on Earth. This gene codes for a small subunit

  of the ribosome, the tiny structure that is involved in translating the DNA code into proteins. This is such a fundamental process that parts of the ribosome gene are essentially the same for all

  organisms, so sequence changes between the different gene versions can be used to calculate an organism’s closest relatives. The results were astounding. As expected, the eukaryotes, the

  cells with a nucleus, cluster on one great branch of the tree of life. The shock is that the prokaryotes are not a single group but are split into two great domains, the bacteria and the

  archaea. There is as much genetic difference between human cells and the germ that gives us a stomach upset as there is between it and an archaea living in a hot spring. The root of this

  great tree, the hub central to all three bushy domains, is also fascinating. It tells us which living cells are closest to the universal ancestor, the organism from which all life on Earth is

  descended. But for that part of the story you’ll have to wait until Chapter 4.




  The true tree of life is certainly much messier than the one commonly depicted. Different cells often swap genes with each other, something they did much more back in evolutionary time,

  enormously complicating the issue of working out how they are related. Moreover, the evolution of the eukaryotes involved the wholesale importing of entire bacteria to form

  mitochondria and chloroplasts. It is not certain whether the original host cell was a bacteria or archaea but extensive gene studies show that eukaryotes contain far more bacteria-like material

  than archaeal. The eukaryotes bridge the two other domains, transforming the tree into more of a ‘ring of life’.




   




   




  The molecular workings of life




   




  A cell can be summed up as a ‘membrane-bound chemical reactor and information storage system’. But how is matter animated to produce life? What molecules are

  responsible for these amazing abilities? The three main components of a cell are the outer membrane, the genetic system and the metabolism.




  The cell membrane is formed from a layer of molecules with ‘head’ ends that dissolve easily in water and fatty ‘tail’ regions that do not. Arrays of these molecules

  spontaneously arrange themselves to keep their fatty tails out of water, forming into a double layer with the tails aligned end-to-end in the middle. Metabolism is the general name given to the

  staggeringly complex network of reactions which interconvert the chemicals within a cell. Many of the small organic molecules (to a chemist, ‘organic’ simply means molecules containing

  carbon) are thought to have existed naturally from non-biotic processes on the early Earth, becoming incorporated into metabolism as it developed and expanded. Over time, life began to invent new,

  larger, molecules to serve its functions. For example, long chains of sugar subunits, such as starch, are a compact way of stockpiling energy and carbon. Other sugar polymers give rigid support;

  chitin is used to build the hard outer skeletons of arthropods (such as insects and crabs) and bacteria are protected by a wall of amino sugar polymers. Cotton shirts, wooden bookshelves and the

  pages of this book are all mostly cellulose fibres, a plant polymer built of units of glucose. However, for sheer diversity of structures and roles within the cell, the

  ultimate polymers are proteins. They are used for everything, from structural support, transporting valuable chemicals, sending signals and as enzymes accelerating the metabolic reactions. The

  subunits of proteins are amino acids, a class of small molecules with acid and alkaline ends and a side group that gives each amino acid slightly different properties. With only a few exceptions,

  all proteins on Earth are constructed using combinations of twenty amino acids. Some side groups dissolve well in water, while others are insoluble. For a protein to be soluble, its long chain must

  curl up into a complicated three-dimensional shape, held together by bonds between the side groups, which protects the insoluble amino acids on the inside. The finished shape is extremely precise;

  proteins are able to recognise and bind to other proteins, DNA, RNA or metabolic reactants with exquisite specificity. One class of proteins, enzymes, are custom-made tools that catalyse reactions

  (enable the chemical processes to occur much more rapidly than they would otherwise). Each enzyme can only make one small change to a compound; perhaps sticking on a phosphate group, removing an

  hydroxyl unit or breaking a bond to snap a carbon chain in two. Complete metabolic pathways contain huge numbers of different enzymes which gradually transform one molecule into another.




  The stability of enzymes and other soluble proteins is a key issue in biology. As enzymes are warmed, the amino acid strands vibrate; at high temperatures, they vibrate so much that the bonds

  between side groups are broken and the protein loses its vital shape. If water gets inside as well, the entire protein structure is destroyed and falls out of solution. This is called

  denaturing – and can be seen when you fry an egg, as the albumin protein solifidies and turns white. Changing the electrical charge around a protein, as in extreme salinity or acidity,

  can also denature it. (As when you use a lemon juice marinade to ‘cook’ raw fish.) In the next chapter we’ll look at organisms that thrive in the extreme environments of boiling hot springs, saturated salt solutions or highly acidic water and see what coping strategies they’ve evolved.




  Another important aspect of the molecules used by cells is their ‘handedness’. Any non-symmetrical shape possesses a quality called chirality. To see it for yourself, put down

  this book for a second and hold out your two hands, palm side up. Although your hands are essentially identical shapes, it is impossible to orient one on to the other. They are mirror images; no

  amount of rotating or flipping your right hand can make it look like your left hand. The same is true of most molecules in a cell; they have a particular handedness or chirality. The two possible

  mirror image versions of a molecule are called enantiomers and are as different as your left and right hands. Intriguingly, all terrestrial life uses just one enantiomer. All

  biologically-produced amino acids are left-handed, as shown in Figure 2, whereas all sugars are right-handed. However, the molecules produced in labs which simulate the prebiotic chemistry of the early Earth are always an even mixture of both enantiomers. Why life only bothers with one enantiomer is easy to understand – the enzymes running metabolism are

  so specific that they can only work on their target molecule if it is the correct chirality. It would be enormously wasteful to have left- and righthanded versions of every enzyme, so life is stuck

  with one. The real mystery is what caused one enantiomer to be selected over the other in the first place.

OEBPS/html/docimages/cover.jpg
Lewis Dartnell
Life in the Universe






OEBPS/html/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    

     
		 
    

     
		 
		 
    

     
         
             
             
             
             
             
             
        
    

  

   
     
  





OEBPS/html/docimages/2.jpg
[

Typical prokaryote
for scale

DNAin
Chromosomes

Endoplasmic
Reticulum with
attached ribosomes

Kook’





OEBPS/html/docimages/1.jpg





OEBPS/html/docimages/tp.jpg
Life in the Universe
A Beginner's Guide

Lewis Dartnell





