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INTRODUCTION
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Life is something we all understand. We feel it physically and emotionally. We have examined our own life internally and externally. We have examined other people’s lives externally. Many of us have experienced the joy a new life brings, and the heartache the death of a loved one brings.

All adults have lived longer than it takes to complete a PhD, so when it comes to the subject of life, we should all be experts. Unfortunately, despite the accumulated years of study, ‘life’ is a subject which has few experts, and what experts there are disagree about almost every facet of the subject.

What is life? Take your pick. There are thousands of definitions, often within single scientific disciplines. Is there life after death? That depends upon your definition of death, which depends on which definition of life you have chosen. How did life first begin? There are several theories. Any of which may be right. All of which may be wrong. Is there life on other planets? Possibly, but before you can find life on other planets, you first need to find a definition of life everyone on Earth can agree on. Can we create artificial life? We’ve not managed it yet.

My own years of study have led me to believe we have been too close to the subject. We are so familiar with seeing life all around us; we have lost the ability to view it objectively. Life is too complex for us to put it into boxes labelled biology, chemistry, physics, etc. Life incorporates all those disciplines and more.

Let me give you an example from history. Everyone knew the world was flat. The world was so obviously flat that nobody questioned it. They had all the evidence they needed. Whenever they opened their eyes, they could see the flat earth all around them and they never doubted what they already knew. Then along came someone who looked at things differently. They looked up at the distant sky instead of looking down at the ground, and the change of view changed everything.

This book is an attempt to do for life what the ancient astronomers did for the Earth. It is an attempt to broaden our horizon, both our inner horizon and outward horizon, by looking at life from two different perspectives. Inwardly, it examines the smallest particles from which all living things are made. Outwardly, it considers the vastness of our universe and the enigma of consciousness.

To make it easier for non-scientists to read, I have included no references in the main book. However, for anyone who wants to study the subject in more depth, I have included full notes and a full bibliography at the back of the book.
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THE BIG BANG
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We are all made of stardust 

(Carl Sagan)

If this was a normal story, it would start with ‘once upon a time’, but the story of life is far from normal, and begins long before we began measuring time.

I’m aware most biology books start by describing a cell, and then continue by describing all the living things made from cells, but I’m also aware life is not always as straightforward as biology books would have us believe so I’m leaving the description of cells until later.

We all intuitively know whether something is alive or not when we see it, but there are things at the margins of life that are hard to pin down, and there is little consensus among scientists about what life is or how it should be defined.

Pinning life down is at the heart of this book. When I was a young boy, I spent hours sitting by an ants’ nest to watch all the comings and goings of these fascinating insects, but I could never tell if they were aware of my presence or not. They could have been aware of me but ignoring me. They could just as easily have been so focused on their own little world that they were unaware of my presence. 

On a larger scale, I was lucky enough as a child to grow up where there was nothing but fields, hills, and mountains at the back of my house. The lack of light pollution meant the night sky was as clear as I have ever seen it during the rest of my lifetime. Countless stars, all twinkling away, some on their own, some in groups, but all fascinating. That light had taken light years to arrive, so I wasn’t seeing things as they were on the day I was looking, but as they were when the light first began its journey. 

The sight of the stars, and the sheer size of the universe, was breath-taking. Having considered whether the ants were aware of me, caused me to turn my sight upward and wonder if there was anything similarly large looking down at me.

That illustrates how we are all influenced by past experiences. However similar we are physically; we all have different experiences that give us unique views of the world that may not be shared with others. One of the ways in which I am different, is that I tend to question things other people take for granted. I’m a dreamer, but also a sceptic, never wanting to take things at face value without questioning the evidence.

So, my approach to the subject of life will not start by describing a cell. Instead, I invite you to come with me on a journey to the very start of the universe and discover the building blocks from which all living things are made.

To discover what kind of ‘stuff’ everything is made from, we need to go back in time as far as we can, and the big bang is the furthest we can go.

The first year of my first ever university course had the theme of ‘Representation and Reality’. Its purpose was to remind me to always check the facts because reality may be different to how things seem.

Here are a couple of examples from history. Everyone could see Earth was flat rather than round, but everyone was wrong. Everyone could see our Sun moving around our Earth rather than the other way around, but again, everyone was wrong.

By the start of the 20th century scientists thought they had a good grasp on reality, and all past errors had been corrected. It was obvious to everyone Earth orbited the sun in a fixed orbit, stars had their appointed positions in space, and the universe was static and stable. Those facts were indisputable.

Those facts were also a bit of a problem to Albert Einstein. According to his general theory of relativity, gravity would pull everything together and result in the end of the universe. He knew that was wrong because he knew the universe was static, stable and unchanging. In 1917 Einstein solved the problem by inventing a force to counteract the force of gravity, and he named the new force the cosmological constant. Adding the cosmological constant to his equation gave him the correct result of a static, stable and unchanging universe.

Almost everyone believed his equation was now correct. Almost everyone. There were some dissenters.

George Lemaître was an ordained Catholic priest and also a professor of physics physicist at the Catholic University of Louvain in Belgium. In 1927 Lemaître theorised galaxies were moving away from one another, and the universe was not static and stable as Einstein believed. If they were moving apart, he also thought going back in time there must have been a moment when the whole universe was at the same spot compressed into a very small beginning.

In 1928, the astronomer, Edwin Hubble, conducted experiments to discover who was correct, Lemaître or Einstein. Hubble measured the speed at which galaxies were moving in relation to earth by measuring the spectrum of light and red shift. He discovered they were moving away, and also found galaxies furthest away were moving faster than closer ones. 

His research not only confirmed Lemaître's theory the universe was expanding and accelerating. It also confirmed Lemaître's theory there was probably a time the galaxy started in a 'big bang'.

By 1948, things had progressed further. Scientists had turned their minds to what the universe must have been like immediately after the big bang. Ralph Alpher, a physics PhD student at John Hopkins University, and George Gamow, his supervisor from The George Washington University, published a joint paper detailing a mathematical model of the events at the creation of the universe. Their paper implied, that if the big bang took place, the release of light following that event should still be visible now as microwave radiation.

In 1964, the physicist Arno Penzias and astronomer Robert Wilson were trying to get rid of some background interference that was ultimately discovered to be the cosmic microwave background (CMB) predicted by Alpher and Gamow. This helped validate the big bang theory, for which there is now an abundance of empirical evidence.

First proposed back in 1927, subsequent calculations eventually dated the big bang as having occurred about 13.7 billion years ago. Like any projectiles emitted from a gun or cannon, scientists expected the acceleration from the big bang to have stopped by now, or at least to have slowed down, but in 1998 scientists discovered the universe was still accelerating and still expanding. Since then, there has been evidence the rate of expansion is increasing even faster, and galaxies within the universe are still moving further apart. 

[image: ]
The Big Bang

Imagine if you will a two-stage rocket. The initial stage propels the rocket into the sky, but as the energy from the first stage exhausts itself, a second stage takes over and propels the rocket further. The energy from the big bang propelled the universe outward from its starting point and should have been used up by now, but somehow, instead of the universe slowing down, some form of energy is causing it to speed up. Perhaps, in the future, someone will discover exactly what’s fuelling this expansion, but currently, nobody knows. Scientists have called this energy ‘dark energy’, not because the energy itself is dark, but because scientists are in the dark as to what it is.

There can only be conjecture about what will happen next. 

The universe may stop expanding one day and maintain a status-quo from where it neither expands nor contracts. Alternatively, it may continue expanding forever, with Earth getting further and further away from everything else in an increasingly dark and cold universe. It may even go into reverse and contract back to the point where everything first began, or it may contract to that point and then bounce out again. 

All these different scenarios have been suggested by scientists, and any one of them may be correct. They are all possibilities, but we have no way of knowing which one will actually occur.

We can’t be certain about the future, but we do have a pretty good idea about the past. Extrapolating backward from the information we already know has taught us the universe began at a single point 13.7 billion years ago.

We know our universe began from that single point, and burst outward at tremendous speed in what scientist have chosen to call a big bang, and we know within a billionth of a second the hot and dense universe was filled with particles called quarks and electrons. A few millionths of a second later, and the quarks had combined to produce neutrons and protons, and a few minutes later those neutrons and protons had combined into nuclei. It was a further 380,000 years before things cooled sufficiently for electrons to become trapped around nuclei to create the first atoms.

150-200 million years after the big bang, those atoms combined to form the first stars, and you need to fast forward billions of years before those stars resulted in planets being formed around them. Our own planet, Earth, was created 4.5 billion years ago, and our current best guess is that life started on Earth about 3.7 billion years ago. Fast forward those 3.7 billion years and here we are. 

You and I, and every other living thing on this planet, were all created from stuff that originated at the big bang.

Pause for thought: The stuff from which you and I are made had its origin over 13 billion years ago. Everything inside and outside of you is billions of years old. Even the ‘new’ stuff within you was made from recycled materials.
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THE STUFF OF LIFE
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Life is a process, not a state.

(Kate Jeffery, Robert Pollack, and Carlo Rovelli)

What exactly is this ‘stuff’ from which we are made?

That question has always fascinated scientists. In times gone by, disease and war have provided ample opportunity for the curious to examine and dissect dead bodies, but dissection only took them so far. 

Scientists in different disciplines could split things into two, then into four, then into eight, and so on, but eventually they got to the point where they couldn’t split things any further. When they got to that point, they called what was left an atom. In Greek, the word meant ‘indivisible’, and it was as small a particle as they could get. We knew our bodies were made from atoms and thought atoms were the building blocks of life. It’s a bit like thinking a brick is the building block of a building without realising the bricks themselves are made from sand and cement.

Things only began to change during the 1890s, when scientists discovered some decaying atoms emitted smaller particles, and the 1900s led to the splitting of the atom and the eventual discovery of twelve smaller particles which have been called fundamental particles. 

Despite scientists’ best efforts, they have been unable to split any of those twelve fundamental particles into smaller ones. For now, it looks as though those twelve fundamental particles of matter are the only particles of matter there are.

The twelve particles are collectively called fermions, and they come in two types, six quarks, subject to all forces, and six leptons, subject to all forces except the strong nuclear force (more about forces later). 

These quarks and leptons are grouped into three pairs or generations, and the six quarks have been given unimaginative names of up, down, charm, strange, top, and bottom. The six leptons have been given more exotic names, and are called the electron, electron neutrino, muon, muon neutrino, tau, and tau neutrino.

There are three important things to note about these twelve particles. The first, is that the heaviest two generations (the bottom two pairs in the diagram) are very unstable, and only exist for a very short period before decaying into the next generation. The second, is that all stable matter in the universe is made only from the lightest generation (the left hand three of the top four). The third thing to note is that scientists still have no idea what the other nine particles are for, or why they exist.

[image: ]

The three particles that make everything we can physically see, touch or feel, are the up and down quarks and the electron Lepton. Two down quarks and one up quark create a neutron, and two up quarks and one down quark create a proton, and different combinations of neutrons, protons and electrons create every physical thing we see.

Every star in the sky, every planet in every solar system, every atom in you, every atom in me, every atom in your partner, every atom in the book you are reading, the chair you are sitting in or the bed you are lying in; every one of those atoms is made from the same three fundamental particles. 

In the same way the three primary colours of red, green, and blue, are mixed to create thousands of different colours on your TV screen; the three fundamental particles of an up quark, a down quark, and an electron, are mixed to create every physical thing in the universe.

When I say every atom is made from the same thing, that is exactly what I mean. Each individual up quark is identical. Each individual down quark is identical. Each individual electron is identical. If you had a microscope powerful enough to see what a paper clip was made from, you would find it was made from quarks and electrons absolutely identical to the quarks and electrons of every cell in your body.

That presents us with our first obstacle to understanding life. At the smallest level imaginable, when scientists examine the building blocks of life, they find no difference between something living and something not-living. We are made from fundamental particles identical to the fundamental particles making everything else. There is no magic ingredient of life. There is no magic ingredient that makes you alive and the book you are reading dead. You and the book are created of the same stuff. Not similar, but absolutely identical in every respect.

Sean Carroll, a theoretical physicist and research professor at the California Institute of Technology, believes at a fundamental level, there aren’t separate ‘living things’ and ‘non-living things,’ ... there is just the basic stuff of reality, appearing to us in different forms.

This presents an enormous challenge for anyone trying to define life, and an even greater challenge for anyone trying to find the origin of life. All matter, whether we chose to describe it as dead or alive, not only originated from identical fundamental particles, but is still made from those particles. 

That fact alone represents an almost insurmountable problem. It is not possible to differentiate from living and non-living things at a particle level because there is no difference to find. The difference only appears when we stop looking at single fundamental particles, or even single atoms or single organisms, and consider how each of these particles, atoms, and organisms, interact together. 

Even then there are difficulties. Almost 99% of the mass of a human body is made from only six elements: oxygen, carbon, hydrogen, nitrogen, calcium, and phosphorus, and all of these are assumed to be inanimate elements.

How then can we define life? What is the difference between inanimate objects and living things? What causes us to believe some mixtures of fundamental particles and atoms create living things and other mixtures of the same particles create non-living things? These are all questions we are going to examine in the chapters that follow.

Pause for thought: The fundamental particles from which you are made are identical to the fundamental particles from which everything else you can see and feel is also made.
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FORCES
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Everyone knows about the force of gravity, but there are other forces at work in the universe. 

The force of gravity acts on everything that has mass, and the larger the mass is, the greater the attraction. Large things attract one another, and it’s that attraction that stops us flying into space. The sun’s gravity holds us in orbit just as the earth’s gravity holds the moon in orbit. All the planets of the solar system are held in place by gravity, and all the solar systems in the universe are held in place by gravity. Gravity is everywhere, but whilst it’s strong enough to hold the universe in place, it is paradoxically so weak it can be overcome by a small magnet picking up a metal paper-clip. 

That’s because the electromagnetic force is many times stronger than gravity, but only attracts electrically charged particles. In the same way gravity permeates the spaces between large objects, the electromagnetic force permeates the space between particles in an atom. Any school child who has ever held two magnets will know opposite magnetic forces attract one another and similar magnetic forces repel one another. Electromagnetic forces always act in the same way. The particles in an atom have different charges and the electromagnetic force causes them to be attracted towards one another or repelled from one another, depending on their charge.

The strong force is a type of force that works right at the heart of the atom. We’ve already discovered the nucleus of an atom contains particles called quarks. These quarks, when combined, have positive charges. They would be repelled from one another by the electromagnetic force, but are held together by the stronger nuclear force. The strong nuclear force, although stronger than the electromagnetic force, has a short range limited to the nucleus of the atom. The only function of the strong force is to hold the nucleus of the atom together, and it is so strong that for many years it was impossible to split neutrons and protons apart within an atom. 

The weak force also works on a subatomic level. It has a range even shorter than the strong nuclear force. In the same way strong nuclear force overcomes the electromagnetic force and holds the nucleus of the atom together, so the weak nuclear force overcomes the strong nuclear force to enable particles in the nucleus to break into smaller particles when they give off radiation. This weak nuclear force causes the interaction responsible for radioactive decay of atoms, during which a neutron may break down into a proton, and an electron may break down into a neutrino. 

Just as all matter is comprised from fundamental particles, all forces are carried by force carriers known collectively as gauge bosons. The electromagnetic force is carried by the photon, the strong force is carried by the gluon, the weak force is carried by W and Z bosons, and the gravity force carrier (the only carrier not yet found) is called the graviton.

The W and Z boson are known to have mass, but nobody knew where this mass came from until scientists Robert Brout, François Englert, and Peter Higgs theorised there was an invisible field, now known as the Higgs field, which pervades the universe. The Higgs boson was only finally discovered in 2012, and this provided the final piece in the jigsaw (final for now anyway) that has become known as the standard model.
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Standard Model
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THE CELL
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All cells arise by division of existing cells, and every cell living today is thought to be descended from a single ancestral cell that lived 3 or 4 billion years ago

(David Owen Morgan)

In the previous chapter, we learnt two down-quarks and an up-quark combine to make a neutron, two up-quarks and a down-quark combine to make a proton, and those neutrons and quarks then combine with electrons to create atoms from which all physical things are made.

All cells are made from those same basic components, and they come in two main types, depending upon whether they contain a nucleus. Those with no nucleus, where everything is contained within the cytoplasm, are called prokaryotic cells. Those with a nucleus where a membrane separates genetic material from the cytoplasm are called eukaryotic cells.

Prokaryotic cells are the cells that form single-celled bacteria and archaea. They are simpler and smaller, and often consist of nothing more than a cell wall lined with a plasma membrane containing ribosomes and DNA. 

Eukaryotic cells are the type of cells found in plants and animals. Plant and animal cells have some differences, but they are both larger and more complex than prokaryotic cells, and they all have a clearly defined nucleus surrounded by a membrane. 

These more complex cells come in many forms, but a typical human cell contains a nucleus of DNA. The cytoplasm between the wall of the nucleus and the outer membrane of the cell may be crowded, with many organelles or specialist structures. These include mitochondria, which is responsible for ATP production and energy exchange; ribosomes, which are particles of RNA and associated proteins; the endoplasmic reticulum, which is a canal like system of membranes that modifies proteins and synthesises lipids; the golgi apparatus, which is a secretory device responsible for sorting lipids and proteins; and lysosomes, filled with enzymes to break down cellular waste and foodstuffs.

[image: ]

Eukaryotic Cell

It is not completely true all eukaryotic cells have a nucleus like the above image. A red blood cell is a eukaryotic cell which begins its life with a nucleus, but it ends its life without one. It has a nucleus during the first stage of its development, but a red blood cell doesn’t need a nucleus in order to do its job, so in its final stage of creation the cell divides, one half becomes the red blood cell without the nucleus, the other half has the nucleus which is then broken down for reuse.

Whilst all life on Earth can be divided into the two cellular groups, prokaryotic and eukaryotic, life is actually divided into three large groups, bacteria, archaea, and eukaryotes.

You may be forgiven for thinking eukaryotic cells are the most important. They are usually larger, and all humans are composed of eukaryotic cells. However, size isn’t everything, and what bacteria and archaea lack in size they more than make up for in quantity and habitat.

Bacteria and archaea are far more numerous than any other form of living things, and are found in even the most inhospitable of places where no eukaryote celled organism can survive. 

Whilst similar in size, bacteria and archaea are classed as two distinct groups because they have different RNA and cell structures.

They are not only numerous and hardy, but vital to our own lives too. There are harmful bacteria, and most disinfectant manufacturers advertise their claims to be able to kill over 99% of them. However, many bacteria are not only harmless, but essential to us. The case for the defence of archaea is even more stark. No archaea have been proved to cause us major harm. On the contrary, we would not be able to survive without them either.

Between them, bacteria and archaea form part of a complex and diverse ecosystem inside each one of us. They provide us with more energy, help prevent infections, and help us to digest otherwise non-digestible food. 

The number of these microorganisms inside of us varies. Some scientists estimate there are as many of these single-cell organisms in your gut as there are cells in your body. Others estimate there are ten times as many. Either way, that’s a lot, and you can’t survive without their help.

Prokaryotic single-celled animals (whether bacteria or archaea) and eukaryotic animals and plants (whether single celled or multi-cellular) all have a common ancestor. Scientists call this common ancestor the Last Universal Common Ancestor or LUCA, and all the DNA in every plant and animal can be traced back to this single source. There is more information about DNA later in this chapter, and more information about LUCA later in the book.

Given that cells are at the cornerstone of life, and given that we are all composed of cells, we turn now to the question of how those cells reproduce. In keeping with the general trend of the book, we will look at the reproduction of human cells.

Most human cells are diploid cells, which is the scientific way of saying our cells contain two complete sets of chromosomes instead of one. The Royal Family in the United Kingdom like to insure against their line becoming extinct by having at least two children, an heir and a spare. Our body takes similar precautions when it comes to our DNA, so instead of having a single set of 23 chromosomes we have two complete sets, an heir and a spare, and each diploid cell has 46 chromosomes.

Some DNA is called mitochondria DNA because it is found in the mitochondria of the cell and used for energy production, but the largest amount of DNA is found in the nucleus of the cell and called nuclear DNA.

The DNA found in the nucleus of a cell is tightly packed into a threadlike structure called a chromosome, and the two sets of chromosomes are wound into a double helix, much like a twisted ladder, of alternate sugar and phosphate strands running in opposite directions and where the nitrogen bases form the rungs connecting them.

The DNA itself, is made of building blocks called nucleotides which have three parts, a phosphate group, a sugar group, and four types of nitrogen bases, adenine (A), thymine (T), cytosine (C), and guanine (G). The bases are attracted to one another in different ways. Adenine and thymine are always attracted to each other and form a chemical bond. Cytosine and guanine are always attracted to one another and form another chemical bond. These bonds mean each strand of DNA always links to the other strand in the same way, A to T or T to A, C to G or G to C. Between them, the approximate 3 billion base pairs of the human genome spell out all the instructions for making and maintaining your body.

In order for a cell to reproduce, it needs to reproduce itself, and reproduce its DNA. Cells reproduce through a process of growth and division called mitosis. The first phase is called the interphase. The interphase is the phase in which the cell spends most of its life, and it is towards the end of this phase an enzyme breaks the hydrogen bonds holding the DNA bases together. This creates two separate strands of DNA instead of the joined pair. 

These strands become the template for enzymes to build two new strands, and for each of those strands to join with one of the original strands to create new double helix shaped molecules, each one made from an original strand and a newly created strand of DNA.

The interphase is followed by mitosis, which is divided into four major phases: prophase, metaphase, anaphase, and telophase. 

During prophase, the membrane of the nucleus surrounding the chromosomes breaks down. During metaphase, the tightly packed chromosomes open up and spread out in the middle of the cell; and during anaphase, the chromosomes are pulled apart by spindles into an elongated dumbbell shape to opposite ends of the cell. 

[image: ]

Once the chromosomes have been pulled apart, new membranes form around each chromosome during telophase to create a new nucleus at each end of the cell. Finally, in a process known as cytokinesis, the main cell membrane pinches in the middle and divides into two daughter cells. 

Whilst the nucleus and DNA should be identical within each daughter cell, the cell cytoplasm may not be exactly identical, but can vary from cell to cell depending upon the asymmetric division of the cytoplasm.

Pause for thought: There are as many single-celled organisms living in you as there are cells in your body. Are they living in you, or are you living on them? 
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HUMAN REPRODUCTION
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We have looked at the diploid cells in our body, and at how those cells reproduce by creating a copy of the DNA and then splitting in two. This process of reproduction works well on a cellular level, but a different method is needed to reproduce a whole individual.

Most human cells are diploid cells, each with two complete sets of chromosomes. The exceptions are our gamete cells, the scientific word for our reproductive cells. In humans, the gamete cells are a male sperm and a female ovum. These are haploid cells; each contain a single set of 23 chromosomes instead of the 46 found in diploid cells.

During the act of conception, a male gamete of 23 chromosomes combines with the female gamete of 23 chromosomes to create a diploid cell of 46 chromosomes. This diploid cell, with 23 chromosomes from each parent, carries all the chromosomes necessary for the creation of a new individual. It is so important it has its own scientific name, and it’s called a zygot.

Within the mother, the single zygot cell divides into two cells, the two divides into four, and the four divides into eight. By three or four days after conception, there is a solid ball of sixteen cells called a Morula, and by day four or five a cavity forms within the morula so the cells create a hollow cellular ball called a blastocyte. 

When I was a teenager, I had the brilliant idea of taking one pound, and trying to double it to two by the next day. The following day I would take the two pounds and try to double it to four, and so on. On paper it seemed easy, and I anticipated becoming a millionaire after twenty days. In reality, I failed miserably, but the maths was right. If you keep doubling up, you soon get into very large numbers.

The 16 cells of the morula become 32, then 64, then 128, then 256, then 512, and then 1,024. With 10 divisions the cell number is about a thousand, with 20 about a million, with 30 about a billion, with 40 about a thousand billion, and so forth. For the approximately fifty thousand billion cells of an adult human body, all that is required is 45 to 46 cell divisions. 

Between two and eight weeks, the bundle of cells is called an embryo, and from eight weeks until birth it is called a foetus.

You may be imagining the original zygot gradually becoming larger each time it divides, but you’d be wrong. The zygot rapidly divides by cleavage without any growth taking place. Imagine a cell simply cut in half, then cut in half again, and then cut in half again. This is what happens inside a womb to the first cell. Because it keeps dividing in half without any growth having taken place, each division results in the cells becoming smaller and smaller.

Eventually such division becomes unsustainable, so the cells begin to grow before they divide. All life forms need nutrients for growth to occur, and whether the life form is surrounded by gas or liquid, those nutrients are taken into the life form from an external source and used to grow existing cells or to create new ones.
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Foetus

In humans, the cells of the foetus create an umbilical cord and placenta which attaches itself to the wall of the womb. The wall of the womb is rich in small capillary blood vessels belonging to the mother, and the placenta is rich in small capillaries belonging to the foetus. The capillaries are separated by a thin membrane which keeps the mother and foetal blood apart but which allows oxygen and nutrients to pass from mother to foetus, and waste products to pass in the other direction.

The placenta feeds the foetus throughout pregnancy. Once born, the baby is fed normally throughout childhood and into adulthood, and by the time the person is an adult in the United Kingdom, their average weight is 78.1kg. That weight arises because the body has taken in food from outside and converted the food into living tissue.

In the mid-1600s a scientist by the name of Joannes Baptista van Helmont planted the shoot of a willow tree into a container of soil, watered the soil for five years and found the weight of the soil was virtually the same as when he’d started. Helmont famously, but incorrectly, concluded the 164 pounds of wood, bark, and root arose from the water alone.

His conclusion was wrong because he did not know plants absorb mineral elements from the soil and carbon dioxide from the air, but he was correct in identifying something external to the original shoot was ultimately responsible for the growth within it.

For humans, that external ‘something’ is the food and drink we consume and the air we breathe. Exactly how a mixture of chemicals can spontaneously transform themselves into even a simple living organism remains one of the great outstanding challenges to science, so it’s worth taking a closer look at the process. The miracle of life, and the creation of new life, occurs somewhere between placing ‘dead’ food into our mouths, and that food becoming living cells within us.

Pause for thought: You are related to every other living thing on this planet, whether plant or animal, large or small. If family is important to you, should we not take better care of them? 
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AMINO ACIDS AND PROTEIN
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Humans need several types of food, but protein is one of the most important. Protein makes up almost half the dry weight of all of our cells, and virtually everything a cell does depends upon the proteins it contains. Protein is found in almost every part of our cells because it is vital for the growth and replacement of living tissue.

Proteins are made from amino acids, so it’s difficult to understand what a protein is without first understanding what an amino acid is.

There are twenty different amino acids in the human body, all of which have a central carbon atom around which there are four groups of atoms, three of which are almost identical. Nineteen of the twenty amino acids include a carboxyl group, a hydrogen atom, and an amino group, all of which are attached to the central carbon atom. 

The fourth group of atoms is the side chain. The side chain is different in each amino acid and makes each amino acid distinctive.
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Amino acid

When ten amino acids link together in a chain, they are called a polypeptide, and a complex chain of polypeptides that has attained a unique, stable, three-dimensional shape is called a protein.

To make proteins, the double helix DNA unwinds to allow a single strand of DNA to serve as a template. Enzymes read the information in the DNA molecule and transcribe it into messenger ribonucleic acid (mRNA). The information in the mRNA is then translated into a form the protein making machinery in the cell can understand, and the translation tells the protein the order in which the amino acids need to be produced to provide a specific protein.

Whilst the original DNA stays in the nucleus, the mRNA leaves the nucleus and travels to the ribosome where small pieces of nucleotides known as transfer ribonucleic acid (tRNA) attached to single amino acids. When the mRNA arrives in the ribosome, the first three nucleotides, known as a codon, bond with a segment of tRNA that perfectly matches. This will be followed by the second codon, and so on, until the resulting long strip of amino acids creates the required protein. (You may want to take a deep breath here, or read the above paragraph again to absorb it fully!)

The shapes of proteins are determined by their amino acid sequences, and because there are 20 different amino acids found in proteins, there is nearly an infinite variety of possible protein sequences. It is this large variety of sequences that allows proteins to have such a wide range of functions and to be so vital to us.

Each one of our cells contains thousands of different proteins, and they form a major part of the structure of every cell and every tissue. Proteins are involved in the transport of oxygen in our blood, the transmission of information between cells, the provision of anti-bodies to fight infection, and as enzymes they are involved in almost all the chemical reactions taking place in our body. 

The Royal Society have described the division of labour in all living cells as being between nucleic acids which transmit instructions and proteins which carry out those instructions, or to put it another way, nucleic acid may give the orders and provide the plan for our lives, but proteins carry out those orders and actually live that life that is within us.

Biology books usually describe the amino acids as essential or non-essential, but that’s misleading. Although some amino-acids are still described as non-essential in text books, there has been no compelling experimental evidence to support this assumption for over a century. More recent research suggests the synthesis of non-essential amino acids depends entirely upon the prior presence of essential amino acids in the diet, so in that sense non-essential amino acids are also essential.

What is undisputed is that essential amino acids required for protein synthesis have to be obtained from dietary sources, and these are obtained by eating foods, which are then digested and broken down small enough to pass through the various intestinal membranes and be absorbed into the bloodstream? Some are absorbed as small peptides, but the vast majority are absorbed as single amino acids. 

Once within the body, they provide readily available building blocks that can be reassembled back into proteins as and when they are required. This may be to replace damaged cells or tissue, or for any one of their many other functions. Even so-called non-essential amino acids, which can be synthesised within our bodies, are synthesised from individual compounds within our bodies that did originate externally from the air we have breathed or the food we have eaten.

Every cell living today is descended from a single ancestral cell, and because the food we eat is from formerly living plants or animals, life has always derived from living organisms. The original sperm and ovum from which you and I are created came from our parents and combined into a zygote. The cells created by cleavage of that zygote can also be said to have come from our parents. However, once growth began occurring, the situation was different. 

The 78.1kg adult mass, created by division and growth, was largely created from the food we have eaten or the air that we’ve breathed.

That growth occurred when the body took in food of various sorts and converted the food into living tissue. Somehow, in a way in which nobody has yet satisfactorily explained, the inanimate food we eat is imparted with life, and converted into living cells and living tissue. 

If the only cells created from pre-existing living organisms are the zygote, then 78.1kg worth of cells and tissues in the average adult are not directly created from our parents, but are directly created from the food we consume. Your DNA is like the joke about the brush that has been in the family for generations. The handle may have been replaced several times, and the head may have been changed several times over the years, but we still think of it as the same brush. All the DNA in your body may be identical copies of the DNA in your original zygote, but almost all of it has been created from the food we have eaten or the air we have breathed.

Conventional wisdom decrees amino acids and proteins are inanimate. However, if we acknowledge that we are created from amino acids and proteins (or from any other external component of the food we eat or the air we breathe), and if we accept that we are living beings, then somewhere within us those amino acids or proteins must have been imparted with life. The creation of new life is not something that happens on rare occasions. It is something that happens constantly and continually within each one of us. We take in inanimate substances, and those substances are eventually transformed into parts of our own living body.

Pause for thought: All the living tissue within your body has been made from previously living tissue that once belonged to another animal or plant.​
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DEFINING LIFE
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There is not a single agreed-upon definition that clearly separates things that are ‘alive’ from those that are not.

(Sean Carroll)

There are close to eight billion people living in the world. Most of those people are intelligent, many are clever, and a few are extremely clever. So, it is surprising nobody has yet come up with a definition of life to which everyone else can agree. It is not as though there’s a shortage of research material. 

In addition to the eight billion people, there are countless numbers of other animals and plants, all of which are acknowledged to be alive. 

This book’s main point of reference is a human one, but we should not assume all life forms conform to human standards. We are an extremely complex life form, but any definition of life also has to be able to include the smallest and least complex life form too. It also has to be capable of defining any life form we may discover during future space explorations, and they, potentially, could be so different that not even the most imaginative science fiction writers could imagine them.

Most living things are so obviously alive it seems unnecessary to define what life actually is, but we run into all sorts of difficulties when we do try to define it. 

A couple of scientists, Marcello Barbieri, an Italian theoretical biologist and professor of embryology at the University of Ferrara, Italy, and Radu Popa, an associate professor of biology at Portland State University, U.S.A. have both independently published books containing definitions of life. Between them, Barbieri and Popa have listed over 120 different definitions. The problem is not that there is no definition of life, but that we can’t agree on which definitions are right. 

A definition of life (by definition) should encompass all life, not just human life, but however correct definitions of life seem to be, they tend to fall apart when compared with living things at the margins of life. What from a certain standpoint may seem to be a living organism may from another view be regarded as a non-living system. None of the definitions of life seem able to satisfy the diverse views of biologists, physicists, chemists, philosophers, and others. 

Most of us intuitively know if something is alive or not, but attempts to translate that intuition into a form of words acceptable to everyone have proved elusive. At a workshop in 2003, every member of the International Society for the Study of the Origin of Life was asked to give his or her definition for life, and between them they gave 78 different answers.

This book is all about life, so I do need to grasp the nettle and define what I mean when I write about it. Arguably, the definition of life most widely used today is the National Aeronautics and Space Administration (NASA) working definition, often attributed to Professor Gerald Joyce, that ‘Life is a self-sustained chemical system capable of undergoing Darwinian evolution’.

It is surprising the NASA definition of life has become so popular, as it was never intended to be used outside the NASA Exobiology Program. The definition was never written down in the program documents and only resulted from a friendly discussion between the dozen members of the panel. Joyce has told me the definition was never meant to be definitive, but was merely a working definition to signpost the general direction of research. 

The NASA definition first appeared in print in a 1994 book in which Joyce wrote the foreword, and he wrote about the discussions taking place within the NASA Exobiology Program in 1992. Since then, our understanding of evolution has changed. Even at the time the definition was created there were those within NASA who questioned whether Darwinian evolution was necessary at all, and many scientists now believe evolution can take place in different ways.

Darwinian Evolution involves two processes, random genetic variations (usually thought of as the ability to reproduce with errors) and natural selection (usually thought of as survival of the fittest). It is now believed various other things can cause DNA to evolve. For instance, it is now thought many beneficial genetic variations result from viral activity.

In the light of those developments, let’s take the word ‘Darwinian’ out of the definition. That makes the definition ‘life is a self-sustained chemical system capable of undergoing evolution’.

Evolution involves an ability to self-replicate, but into something different. If something is a complete carbon copy, then there is no evolution. Evolution is the ability to make a near carbon copy, but with changes brought about through some interaction with the environment.

There is a misconception among many members of the public as to how evolution works. I can remember reading David Attenborough’s ‘Life on Earth’ book as a child and having the same misconception. I haven’t got a copy of that book in front of me, but my childhood memory is of repeated bold statements that were something along the following lines. After thousands of years, X evolved into Y (a lizard became a snake, for example). I now realise Attenborough was writing about the wide sweep of evolution taking place gradually through those thousands of years, but in my childhood mind I imagined something different. I imagined lizards running around on their legs and living quite happily for thousands of years before all lizards one year suddenly gave birth to legless lizards which began slithering instead of walking.

As a child, I found myself sceptically asking, why suddenly after all that time? I had a misconception of how evolution worked, and conversations with others lead me to think many people have the same misconception.

Evolution is not something that has only taken place in the past, or which will take place in the future. Evolution is a process taking place today. 

If we take the above description of life, and take a mistaken understanding of evolution, the definition that ‘life is a self-sustained chemical system capable of undergoing evolution’ would exclude any woman past the menopause, and any man who has had a vasectomy. Neither of whom are capable of reproduction.

There are other problems with this narrow definition of evolution too, and they are best illustrated by my imaginary friend, Horace.

Horace is a mountain gorilla living about ten years in the future. He is the last living member of his species, and all the other members of his species have died due to jungle clearances. He cannot reproduce, and neither can his species reproduce. Horace no longer fits the definition of life despite still being very much alive.
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Horace

I could of course make the definition a lot longer. I could, for example, make the definition the length of this book and try to cover every example I could think of. There are books, and certainly many research papers, dedicated to the subject of defining life, and I don’t want this book to become one of them. Instead of making the definition longer, and more complicated, let’s try to make it easier for non-scientist readers to understand by taking the ‘self-sustained’ and ‘chemical’ bit of the definition as a given. 

Thinking about poor Horace, he may not be able to reproduce himself, and his species may no longer be able to reproduce itself, but he is descended from a species that used to be able to reproduce. Let’s add this to our definition. ‘Something is alive if it is one of a species capable of self-replication, or is descended from such a species.’ That’s still quite a short definition, but at least it brings Horace back into the land of the living. Being the last living member of his species, he may not be able to reproduce himself, and his species may not be able to reproduce itself, but he is definitely descended from such a species. Horace fits into the amended definition of life. He’s feeling fine about himself, and his sense of self-worth has risen no end between this paragraph and the previous one.

Bang! Someone has shot and killed poor Horace. His species is now extinct. But wait, this changes everything and appears to blow our definition sky high. I told you life was difficult to define. According to our current definition, he’s still alive. He is still a descendant from a species capable of self-replication. He may be a dead descendant, but he’s certainly still a descendant. I am a descendant of my great, great, great grandfather. Most of the other descendants between the two of us are dead, but they are still descendants. Being a descendant obviously isn’t enough. We need to add something to the definition to make it clear only living descendants count, and not dead ones. 

Let’s take a look at poor Horace to see what living things can do that he can no longer do. Most obviously, he is completely unaware of what’s happening, and he’s not responding to external stimulus. Some scientists have said a living cell needs to be able to sense and respond to its environment, so let’s add this into the definition.

‘Something is alive if it is one of a species capable of self-replication, or is descended from such a species, and is able to sense or respond to its environment.’ 

Horace can now rest in peace. He fitted into the definition of life when he was alive, but he no longer fits into the definition now he’s dead because he can no longer sense or respond to his environment. There are still borderline issues. What if poor Horace was not dead, but had only been seriously injured by the bullet and knocked unconscious as he fell?

We could go on forever in our tweaking of the NASA definition, but at this point I need to bring us back to reality. All the above problems only arise if we hold misconceptions about evolution.

In the above paragraphs about Horace, I have taken evolution to mean the ability for a complete individual to replicate itself. The truth is, replication is not an occasional event that takes place only between generations. Replication, and evolution, is an ongoing process.

The cells in our bodies have a limited lifetime. They go through a process called apoptosis, which in non-scientific terms means they die and are replaced by new ones. It happens all the time, and when someone has cancer, it is the process of apoptosis that has broken down. Instead of dying as expected, the cells continue to live and continue to multiply. Cancer is what happens when things go wrong. When things work properly, our cells are constantly dying and constantly being replaced with new ones.

Evolution means more than the ability to produce near perfect self-copies of the whole. Whilst some cells in my body at any time will be dead, the majority remain alive and continue responding to the environment. As I write this sentence, I am aware that millions of my red blood cells have died today, to be replaced by millions of newly created cells. After 120 days of work, my blood cells are broken down by my liver, and components recycled into new ones. I have self-replicated them inside my body because I have replicated them without any outside assistance, and whilst the overwhelming majority will be exact copies, some may have been changed slightly in response to their environment. This is what I mean when I describe myself as capable of undergoing evolution. If one of those changes is beneficial, I may pass that change to my children. The next generation benefit, but the change has taken place today, and I have benefited too.

I have that capability all the time. I am capable of reproducing most of the cells from which I am made. When my body stops doing that, I will be dead. Whilst it continues, I remain alive. It is that type of evolution I think of when I look at the NASA definition of life. 

With our new understanding, let’s take another look at the definition, ‘Life is a self-sustained chemical system capable of undergoing evolution’, and let’s take another look at the previously given examples.

Firstly, the woman past the menopause, and the man who has had a vasectomy, are both still included in the definition. Nothing needs adding to it. They are both capable of replacing the cells in their bodies in response to their environment, so their cells are capable of reproduction and evolution.

Then we come to poor lonely Horace. The last member of his species. He may not be able to reproduce the whole of himself in a sexual way, but almost all the cells in his body are busy replicating themselves without any outside help. He’s still alive in accordance to the definition without having to add any extra words to it.

Bang! That blasted hunter. Someone’s shot poor Horace again. Horace hit his head as he fell, so is he asleep or is he dead? A quick check to see if his cells are being replicated will tell us his mortal state. If some of his cells are still replicating themselves in response to their environment, then he’s still alive. If they have stopped responding, he’s dead.

If I examine a rock in my garden, I find nothing inside it capable of replicating itself in response to its environment. It is incapable of evolving, and I know the rock is dead. When I examine a worm in my garden and find it is replicating some of its cells in response to its environment, I know the worm is alive. 

The question that still needs to be answered, is how much response should there be? The rock is clearly not responding at all, and scientists of all disciplines would agree the rock is dead. The difficulty arises from things in which there is some dispute about whether any part of it is replicating in response to its environment, or, if there is some response, whether that response is sufficient to meet the requirements of life. Some of those things, the things on the margins of life, will be examined in the next few chapters.

So, for the purposes of this book, I have based my definition of life on the NASA definition, but have removed the reference to Darwin:

Life is a self-sustained chemical system capable of undergoing evolution.

Pause for thought: Despite the fact that they are undoubtedly alive, scientists can’t agree on a single definition of what life actually is.
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VIRUSES 
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Virtually every living thing is dependent on other living things, often of a microscopic nature, for its survival and reproduction 

(Thomas Pradeu)

Generally, we have no problem identifying living things. We all know the sea is dead, but the fish swimming in it are alive. We all know snow is dead, but the snow leopard is alive. When we go to the zoo, we can all differentiate between the metal bars and the animals they contain, and even identifying small things like insects causes us no problem of definition.

The problem generally arises with the things we can’t see with the naked eye. Small things cause us no end of bother, and the best example of this is the virus, which, depending upon your point of view, may be one of the smallest of living things.

During the Covid-19 epidemic, you may have heard politicians and scientists talk about a vaccine killing the virus. You can’t kill something that isn’t alive, so you could be forgiven in thinking viruses are undoubtedly alive. They may be, but there is some doubt. In fact, there is a lot of doubt, even amongst specialist virologists whose job is to study viruses in depth.

In non-scientific terms, viruses are a piece of nucleic acid (genetic material) surrounded by a protective protein shell called a capsid. 

In scientific terms, viruses are described as a single-stranded or double-stranded deoxyribonucleic acid (DNA), but may also be composed of only ribonucleic acid (RNA). One of those viral genes is always a capsid gene, which enables the viral nucleic acid to be surrounded by a protein shell known as a capsid.

Scientists seem to be divided when it comes to viruses. Some argue viruses are alive whilst others argue they are not, and biologists have argued for more than a century about their status. The reason for the ambiguity can be seen when we consider whether viruses are capable of replication, as the answer is both yes and no.

There have been two distinct stages of my life, both very different from one another. The first stage was in my mother’s womb. I was just a collection of cells to begin with, and for a while I looked nothing like a human and was totally incapable of independent life. During the weeks and months that followed, I gradually grew more human like, but my world was completely constrained by the walls of the womb. It was life, but nothing like the independent life I was to enjoy later. The second stage of my life began at birth, when I was released from the bonds that tied me to the womb. I was still the same human being, but completely different from what I had once been. These stages of my life are so different they have been given their own names, a foetus when I was in the womb, and a person after I left it.
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Covid 19 Virus

What we generally think of as viruses also have two distinct stages, and both stages have different names. Inside a cell, they are called viruses, but outside a cell, they are called virions. Even scientists tend to confuse the two, and Professor Patrick Forterre, former head of the Microbiology Department at the Pasteur Institute in Paris, France, has suggested the concept of ‘virus’ should include both stages, with the virus outside the cell being known as a virion, and the virus that has taken over the inside of a cell being called a virocell. 

These distinctions are important, because viruses behave differently inside and outside cells. The virus outside a cell in the virion stage cannot reproduce or duplicate itself (which is why some virologists think a virus cannot be living). The virus inside a cell in the virocell stage can use that cell’s duplication machinery to duplicate the virus’s own genetic material (which is why other virologists believe a virus is alive). 

A virus in the virion stage is not capable of reproduction and can remain dormant for a considerable time. At that stage, a virus is a piece of nucleic acid (genetic material), surrounded by a protein shell. It appears to do nothing, but as soon as it comes into contact with a cell it tries to send its nucleic acid inside it. It does this in two main ways. The protein shell may join itself to the cell membrane before opening up to release the genetic material into the body of the cell. Alternatively, some cell membranes may surround the shell before the shell wall splits or dissolves to release the genetic material.

The genetic material released by the virus may be single or double stranded DNA or single stranded RNA, but either way, once inside a cell it takes over the cell duplication machinery and uses it to duplicate the viral genetic material. 

The virus hijacks your cell’s reproduction machinery so, instead of reproducing the cell’s own genetic material, it reproduces thousands of copies of the viral genetic material, and surrounds each copy with a new protein shell. One of the reasons Forterre has suggested the name virocell for this phase in the life of a virus, is that the virus does more than just use the cell’s reproduction machinery, the virus itself becomes cellular. Sometimes the cells genome is completely destroyed, leaving the viral genome as the only active genome in the cell.

This may ultimately kill the cell in several ways. The thousands of copies in the cell may degrade the cell so the cell cannot perform its original function, or the copies may burst out of the cell, damaging or killing it in the process. Either way, once free from the cell, the viruses are again in their virion stage, and again become dormant until or unless they are able to invade another cell. Cell death is not inevitable though, and sometimes people become carriers when the cell continues with part of its own genes and part of the viral genes within it.

Whether viruses are living is not just an academic question. Their importance can be illustrated by two of many viral facts. Firstly, if they are alive, they are the most numerous living things on the planet and vastly outnumber all cellular life forms. Secondly, our own DNA includes DNA that has viral origins.

Oceans cover over 70% of the Earth’s surface, and research has shown viral particles are up to 10 times more abundant than bacteria in the ocean. Over 2,284 different species of viruses have been identified and they are rightly called the most genetically diverse biological communities on earth.

How much of our DNA has come from viruses? Some scientists believe viruses have constantly infected cells since the creation of the very first cell, with parasitic DNA now accounting for at least half of human DNA.

Given their importance, you may expect virologists to have come up with an expert opinion as to whether viruses are alive or dead, but you would be disappointed. In the introduction to the Seventh Report of the International Committee on Taxonomy of Viruses, viruses are described as ‘living organisms’ on page three, and as ‘not living organisms’ on page four. Later, also on page four, they hedge their bets by describing viruses as having a ‘kind of borrowed life’.

In October 2016, the Studies in History and Philosophy of Biological and Biomedical Sciences journal published almost 100 pages about viruses in a special edition, but the authors couldn’t agree. Some of the thirteen different authors believed viruses were alive, whilst others believed they were not.

There are three main arguments for viruses being classed as living things. Firstly, the sheer number in existence. Secondly, the fact they have infected all other living things. Thirdly, because they can be larger than the bacteria we do accept as living. Finally, because some small viruses can be infected by larger viruses.

Those arguing against viruses being alive have two main arguments, Firstly, they believe a cell is the smallest living thing, and a virus in its virion stage has no cell, just a protein shell. Secondly, viruses cannot self-replicate on their own without the help of a host cell.

I could simply acknowledge the arguments and move on without stating my own views, but in a book dedicated to life it would be odd to not have an opinion on what could be the largest number of living things on Earth, particularly considering a large chunk of human DNA originated from viruses. Let’s compare viruses with the definition of life we are using for the purposes of this book, that life is a self-sustained chemical system capable of undergoing evolution.

A virus in its virion stage and cellular stage are largely the same thing. Genetic material, inside or outside a cell, and with or without a protein cell. It is true that, whilst outside a cell, a virus cannot reproduce, but that is only one stage in the complete cycle of what happens. It is usually claimed viruses are not alive because they do not have any reproductive capability of their own, and cannot reproduce without the help of a cell. To me, this argument doesn’t hold up. It’s like saying a woman who cannot conceive naturally, and who can only conceive by in vitro fertilisation of her eggs in a test tube, cannot be alive; or worse, that her child cannot be alive. It’s also like saying I was not alive whilst in my mother’s womb. My cells were certainly reproducing, but they would not have continued to reproduce without the active support of my mother. Without sustenance from my mother, my foetus would have died before birth.

We have already looked at cells briefly, and will soon be considering them at greater depth because biology textbooks almost always begin by saying a cell is the smallest form of life. The reason for this is obvious. Without a cell, all the ingredients necessary for life, whatever they are, would simply float away. A cell is necessary to hold all those ingredients together. 

However, if the sentence at the start of these biology books is changed slightly, from ‘a cell is the smallest form of life’, to ‘the smallest form of life requires a cell’, we come to different opinions. 

If the smallest form of life is a cell, a virus is dead, because it is smaller than a cell. Convention has already looked at fundamental particles and atoms, and decided they are dead. Now convention dictates everything smaller than a cell is dead, and that would include our own DNA as well as viral genetic material and every other individual thing in our cells. 

However, if the definition in our biology books is changed to ‘the smallest form of life needs a cell’, there is no bar to a virus being alive, nor to our own DNA being alive either. Both need a cell to reproduce. When comparing genetic material within a cell, it doesn’t seem logical to claim our own genetic material is part of ‘a self-sustained chemical system capable of undergoing evolution’, but the viral genetic material, being reproduced by the cell’s same reproductive machinery, is not.

I know I am alive, but the chemical system within me requires something from outside my own body. I need to take in food, water, and oxygen from outside. It doesn’t magically appear within me, and in the case of food and water I have to search actively for it before allowing it to enter my body and regenerate my cells. A virus regenerates itself in a similar way, but instead of a visit to a supermarket, it makes a visit to a cell. I find what I need in a supermarket. A virus finds what it needs in a cell. To my mind, we are both self-sustained, and both alive.

Using a different definition of life, Professor Patrick Forterre, former head of the Microbiology Department at the Pasteur Institute in Paris, France, believes ‘viruses should definitely be considered as living entities since they exhibit all features typical of terrestrial life: they are made of the same macromolecules as cells from archaea, bacteria or eukarya, and they have co-evolved with members of these three domains according to the scheme of Darwinian evolution.’ I couldn’t have put it better myself, and modestly note my agreement.

Pause for thought: Scientists believe viral DNA may account for at least half of the human genome.
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PLASMIDS AND VIROIDS
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In the last section, we described viruses as nucleic acid surrounded by a protective protein shell called a capsid. The thing that defines a virus is the capsid cell and its use of a cell’s machinery to replicate itself, but viral nucleic acid is not the only nucleic acid running free, so this chapter examines two other things called plasmids and viroids (not to be confused with virions).

PLASMIDS

Plasmids deserve their recognition and respect as some of the simplest and most highly evolved living organisms

(David Summers)

A plasmid is a collection of DNA molecules, similar in other respects to viral DNA, but without a capsid. A plasmid has the ability to replicate itself in a host cell without any help apart from the use of the cell’s proteins, and it can co-exist with the host chromosome. They occur naturally in nature, are usually found in bacteria, but have also been identified in archaea, fungi, and a variety of higher plants.

Unlike viruses, which multiply in a way that usually damages or kills the host cell, plasmids can co-exist with the cell. For a plasmid to persist in a population of growing cells, it matches its replication rate to the replication rate of its host, so when the cell replicates, the plasmid replicates, thereby maintaining a presence without damaging the cell.

Plasmids are so similar to viruses that a plasmid can become a virus if it acquires a gene capable of encoding a capsid, and a virus can become a plasmid if it loses a capsid encoding gene. The only difference between a virus and a plasmid is the presence of a capsid gene in the viral genome, which is not present in the plasmid genome. Because of their similarity, there is believed to be a strong evolutionary relationship between viruses and plasmids due to past exchanges of capsid genes in both directions.

Given that plasmids replicate autonomously without any help from the host cell, and given they appear to live completely within a cell apart from when they move from cell to cell or species to species, there appears to be far less ambiguity about the living status of plasmids. They appear to fall easily into our definition that ‘life is a self-sustained chemical system capable of undergoing evolution’.

There is, though, a little twist to plasmids because they are sometimes created artificially. In gene therapy or genetic vaccination, artificial plasmids are used as non-viral vectors for the transfer of therapeutic genes which may or may not have the ability to replicate. If able to replicate itself, an artificial plasmid has a DNA molecule (called a replicon) which initiates its own replication.

Chemically, there is no difference between a natural and artificial plasmid with a replicon, so as long as it has the ability to replicate itself, I would also consider an artificially created plasmid to be alive.

The main argument against artificially created plasmids being alive is that they may be in a petri dish or other tightly controlled and defined environment, but all life occurs within such an environment. It is just a matter of scale. Apart from astronauts, no living person can move away from the defined environment of planet Earth, nor can they exist without the food provided on Earth, so the fact that an artificial plasmid may only reproduce within a defined environment of a petri dish is not in itself sufficient reason for believing such a plasmid is not living.

Similarly, the length of life is not important. An artificial plasmid left within a culture environment may well multiply to an extent it uses up all the resources and dies, but this type of extinction is no different to the fate that would befall all life on earth should all the earth’s resources be used up.

VIROIDS

Viroids represent the border of life, since they are the 

smallest biological entities endowed with autonomous replication. 

(Ricardo Flores)

Viroids were once believed to be small viruses, but it is now believed there is no structural, functional or evolutionary relationship between them. They are made from single-stranded circular RNA and have no protein covering (capsid). There is, however, a strong relationship between plasmids and viroids, the main difference being plasmids have at least one protein encoding gene. Viroids encode no protein of their own and utilise the proteins of a host for most biological functions. They are, though, capable of autonomous replication.

It was initially believed viroids only accumulated and replicated within the nucleus of infected cells, but it has since been found they also accumulate and replicate in the chloroplast. This early confusion about the nature of viroids is understandable when you consider their size. They are extremely small and have been described as the lowest step of the biological scale, and the smallest self-replicating genetic units known. They have also been described as being at the frontier of life, and at the border of life.

To give you an idea of just how small they are, the RNA in viroids has been described as having lengths of between 246 and 401 nucleotides or ~250-400 nucleotides. Nucleotides are the basic building blocks of nucleic acids, and RNA, and DNA are polymers made of long chains of them. By way of comparison, most human cells contain 6 billion nucleotide pairs, many times more than the number of viroid nucleotides.

Because they are capable of autonomous replication, viroids also appear to fall within our definition that ‘life is a self-sustained chemical system capable of undergoing evolution’.

	[image: ]
	 	[image: ]


[image: ]

PRIONS 
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Many things in nature exist at the boundary 
between non-life and life
(Radu Popa)

In the last section of the book, we looked at free-floating genetic material in the form of viruses, plasmids and viroids. They have their differences, but they all contain nucleic acid.

In the 1960s and 1970s, scientists had been searching for the virus, plasmid, or viroid they believed caused a degenerative disease in the central nervous system. The disease was known as scrapie in sheep, kuru in highlanders living in New Guinea, and Creutzfeldt-Jakob disease (CJD) in goats, cattle and humans. 

During those two decades there had been several investigations to try to isolate the scrapie agent, but none had been successful. The consensus amongst scientists was the disease was caused by a virus, but nobody could prove it. 

Stanley Prusiner was an associate professor in the Department of Neurology and Biochemistry and Biophysics at the school of Medicine in the University of California, USA, and in 1982 he published a research paper in which he concluded the scrapie agent was an infectious protein particle with a completely different molecular structure to viruses, viroids, or plasmids. He named the infectious protein particle a ‘prion’, and the most contentious claim in his paper was that a prion contained only protein and no nucleic acid.

The finding that prions infected adjacent cells without the involvement of nucleic acid was widely challenged, and even Prusiner himself found it difficult to believe his own findings. In his autobiography, Prusiner told of his dismay and of his own initial hesitation over results indicating the scrapie agent consisted only of a protein without any nucleic acid. His research flew in the face of what was believed at the time. 

If Prusiner himself had difficulty believing the results of his own research, you can imagine the scepticism other scientists felt. Their disbelief was almost total. It was another fifteen years before he got the public acknowledgement he deserved, and in 1997 he was that years only recipient of the Nobel Prize for achievement in physiology or medicine.

The initial disbelief was understandable. Everything found to self-replicate prior to his research did so using genetic material of some sort. It was inconceivable infected protein could infect the protein next to it without genetic material passing from one to the other, and yet his research had come to the right conclusions. It is worth considering how prions work, and how they seem to multiply despite having no genetic material.

Proteins are vital to the function of almost every cell in your body. They begin as a string of amino acids, but the important thing about proteins is that the tension amongst the amino acids causes protein to fold into a three-dimensional shape. Different amino acids create different shaped proteins, and the different shapes allow the protein to perform different functions in different cells.

Prions are essentially mis-folded proteins that are incapable of performing their usual function. In the brain and spinal cord, they infect adjacent proteins in such a way that adjacent proteins become mis-folded too, and eventually there is so much mis-folded protein that the cell dies. This releases the protein to infect other nearby cells, causing an accumulation of mis-folded prion protein, called plaques in the brain, or sponge-like holes in the brain.

The prion protein has a normal cellular form (PrPc) and an abnormal form (PrPSc). 

Composed from amino acids, normal cellular prion proteins have many functions and the way a protein folds is absolutely essential to determine its function. These protein folds depend on, and are specified by, amino acid sequence, so an abnormally folded infectious prion may result in the protein being prevented from undertaking its original function.

There are many ways in which proteins fold, but the folds can be divided into two main groups, alpha helices and beta sheets. It had previously been assumed proteins could only fold in one way, with that one way being determined by the sequence of its amino acids. This assumption is now known to be incorrect. Prusiner’s research on the way prion proteins were folded revealed normal prion protein consists of 50 percent alpha helix and less than 5 percent beta sheet, whereas abnormal prion protein consists of 30 percent alpha helix and almost 50 percent beta sheet. This was despite both forms of prions having exactly the same amino acids.

Again, many of his fellow scientists were sceptical. If the amino acid building blocks were the same, how could the proteins fold differently? They assumed there must be an additional component in the abnormal form of prion protein that is not in the normal cellular form. They believed some extra component must cause the change in folding.

Prusiner proved the chemical components of both types of prion are identical, have an identical mass, and have identical atoms, but despite being identical, they can refold into several different structures.

It is now widely accepted prions cause various degenerative diseases including Creutzfeldt-Jakob disease, scrapie, bovine spongiform encephalopathy and chronic wasting disease. There is also increasing evidence prions may also be responsible, or partly responsible, for Alzheimer's Disease and Parkinson's Disease. 

What is no longer in dispute is that whenever a non-infected prion protein comes into contact with an infected prion protein, the non-infected one becomes infected. That the infection happens is undisputed, but nobody has yet figured out how the infection happens.

If neither the infected prions or the non-infected prions contain nucleic acid, and if the chemical components of both types of prion are identical, and if they have an identical mass and have no additional atoms, there appears to be no transfer of material between them. How prions spread between cells of the central nervous system is the great, still-unanswered question. 

Whilst the process is currently unknown, there have been plenty of suggestions. It has been suggested that prions propagate by acting as a template or a seed that recruits; or that the normal cellular form of prion protein is converted into the disease-causing form by an as yet undefined process. 

If prions do recruit or convert adjacent cells, this suggests they do not self-replicate. The amino acid may change the way in which the protein folds, but the protein and amino acid already exist. 

This is probably best explained with an analogy. What happens to the protein, is like a red car being parked alongside a blue car. The driver of the blue car sees the driver of the red car has moved to the back seat in order to lie down. The driver of the blue car thinks that’s a good idea and also moves from the front seat to the rear seat in order to lie down. 

The driver of the blue car has copied the seating position of the red car driver, and both drivers are now lying down in the back seat of their cars. However, the red car has not changed into a blue car, and the blue car hasn’t changed into a red car. The driver of the red car is still in the red car, and the driver of the blue car is still in the blue car. Nothing has been passed from one car to the other, and the only change is that the driver of the blue car has changed position.

Infected and normal forms of prion protein contain exactly the same components. The normal prion protein merely copies the folding pattern of the adjacent infected form. What the above analogy does suggest, is that the normal prion protein can somehow sense the presence of the infected prion protein, and can sense the way in which the infected protein is folded even though no transfer of material takes place. However, it does not suggest the adjacent proteins have replicated one another. They are each the same prion protein they were at the start of the process, only the fold of one protein has changed. 

Now we have a better understanding of what a prion is, let’s place a prion alongside the definition we are using for the purposes of this book, that ‘life is a self-sustained chemical system capable of undergoing evolution’, and see how it compares.

At this point, I expected to have no difficulty reaching the conclusion that prions are not alive. They contain no nucleic acid, and nothing passes between a normal form of cellular protein and an abnormal form of cellular protein. 

However, the comparison was more difficult than I had imagined because a prion is certainly part of a chemical system, and there is a sense in which the normal form of cellular protein evolves into its abnormal form. However, the concept of evolution implies a process of self-replication, and it appears that replication does not take place. The normal cellular protein has not replicated itself, nor has the abnormal cellular protein replicated itself. 

My intuition is telling me prions are not a ‘self-sustaining chemical system capable of undergoing evolution’, but future research may yet prove me wrong. Nothing can be set in stone until the way in which abnormally folded protein cause neighbouring proteins to follow suit has been determined.
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ARTIFICIAL LIFE
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So far, in our examination of what it means to be alive, we have looked at naturally occurring biological objects. In this section we are going to move away from nature, and ask ourselves if it is possible for scientists to create artificial life, either biologically or mechanically.

ARTIFICIAL LIFE - BIOLOGICAL

In 2010, and after fifteen years of research, the scientists from the J. Craig Venter Institute in the USA managed to take a bacteria cell, empty it of its own genetic material, and replace it with genetic material they had chemically synthesised in their laboratories. The cell was able to replicate using the synthesised genome, and the cells formed a colony of a previously unknown life-form.

It was widely reported in the media they had created the world’s first synthetic cell, which was not entirely true as it had only been the genetic material that had been exchanged. The cell wall, and the cytoplasm, were the original cell wall and cytoplasm. Only the genome had been replaced.

Despite the headlines, and to their credit, the J. Craig Venter Institute pointed out they had not created a new life from scratch, but had created a new life out of an already existing life form. Nevertheless, this was a remarkable feat. The institute had created artificial DNA, inserted it into a cell emptied of its own DNA, thereby enabling the cell to form new cells complete with the new DNA. To use the analogy of a computer. The hardware may have remained the same, but they had completely changed the software. The cell, in effect, was now under the complete control of the synthetic DNA.

The long term aim of the Institute is to understand the molecular and biological function of every gene essential for life, and to produce a cell with new and improved biological functions that do not already exist in nature. There are social and ethical dangers in allowing scientists to tamper with DNA, but the rewards in health and welfare terms could be immense. 

One of the major difficulties the Institute has still not overcome, is that there is still not a single self-replicating cell in which they understand the function of every one of its genes. Despite this, another milestone was achieved in 2016, when the Institute again used bacteria, to which they added synthetic DNA containing only 473 genes to create the first minimal synthetic bacterial cell. 

Using an existing cell is one thing, but creating a completely artificial cell is different. All attempts to create a completely artificial cell have failed so far. Scientists have been unable to artificially create cell walls capable of sensing their environment and letting nutrients through whilst preventing harmful things from entering. The reverse is also true, and scientists have been unable to create an artificial cell wall capable of allowing waste products to leave whilst preventing the escape of vital contents. 
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Cell wall

So far, the artificial life created by the J. Craig Venter Institute has been reproduced within tightly controlled and defined environments, but all life occurs within such an environment and for the reasons already given in the section on plasmids, a defined environment and short time span are not sufficient reasons for deciding artificially modified cells are not living. The cells containing the artificially created DNA are living, and the team of scientists from the Institute have created new life out of an already existing life. 

They are, however, still a long way from being able to create new life from scratch. In the same way that viral DNA requires a host cell in order to replicate itself, the DNA created by the Institute similarly requires a host cell and scientists are currently unable to create one.

ARTIFICIAL LIFE - MECHANICAL

As we have seen, it is possible to create new life forms from existing life forms by adding synthesised DNA to an already existing cell. In that sense, the creation of artificial biological life is possible. Any fan of science fiction, and any fan of robotic helpers around the house, is bound to ask if it is possible to create living robots. You would not be the first to ask, and will undoubtedly not be the last.

When John von Neumann died in 1957, he was acknowledged as one of the finest mathematicians of his time, and towards the end of his life he engaged in theoretical research into the possibility of producing a machine that could reproduce itself. 

Von Neuman showed it was possible in theory, and in 1981 Frank J. Tipler, associate professor of mathematical physics at Tulane University in New Orleans, USA, suggested building what he called a Von Neuman machine. A self-replicating space probe capable of reaching every star in the galaxy. It would fly out to distant lands, reproduce, then fly some more before reproducing again, until the whole galaxy was populated and findings reported back to Earth.

NASA was also thinking along the same lines, and in 1980 they proposed a 20-year program with the aim of creating a 100-ton building on the moon which would process raw materials mined from the lunar surface into the parts required to extend itself. Although the system was initially deemed to be both theoretically and physically possible, the project was ultimately dropped due to the complexity of automatically mining, refining, and then manufacturing every one of the many complex component parts.

The problem is not in getting machines to create new machines if they are provided with the building materials. The problem is in the machine providing itself with the building materials. 

Self-replicating machines, of a sort, already exist in the form of 3D printers capable of printing all the parts necessary for the creation of another identical 3D printer, but the raw materials still have to be supplied to them, and the printed parts still have to be humanly assembled. There is also a power problem. It may be possible to supply a 3D printer with the material to create most of the components of a similar printer. It is more difficult for it to create its own power source, electrical wiring, solar panels or plugs, and even more difficult for the 3D printer to plug itself in without help.

A true self-replicating machine would be able to make a direct copy of itself from raw materials without assistance, but as yet, no artificial self-reproducing machine has been made and scientists have identified 137 different design properties required before such a machine could be built. 

Researchers from the Robot Baby Project at Vrije University, Amsterdam, have created two robots to prove the concept that robots can evolve and reproduce. The robots were placed in a confined arena where they had to perform various tasks which, when successfully completed, allowed the software of each to decide whether they wanted to parent a child. Software information from both robots was then randomly mixed to create new software, which was then used by a 3D printer to produce a new robot.

Whilst the Robot Baby Project was designed to prove the concept that robots can evolve and reproduce, the plastic used by the 3D printer still had to be supplied by hand, and in most cases the printed parts still had to be assembled by hand.

To summarise the above; it is currently possible for some machines to self-replicate if they are provided with the parts to do so. It is also currently possible for some machines to create all the necessary parts for replication, but with those parts having to be assembled manually. However, there is no machine currently able to mine, process, and create all the parts required for its own reproduction; there is no machine currently able to completely create, assemble, and self-replicate itself; and scientists believe the creation of a von Neumann Probe is still well beyond our current capabilities.

If the ability to self-reproduce is a determining factor between something being alive or not, it may be theoretically possible but is still impossible practically. 

Such a machine would need to be capable (unaided) of mining all the raw materials it requires, then refining those materials into steel or plastic, then manufacturing copies of the plastic-coated electrical wiring, batteries, solar panels, or whatever other components it needs to survive, and then to assemble those components into an exact copy of itself able to do the same. 

The practical impossibility of being able to create a mechanical self-replicating machine only highlights how amazing the natural world is. What is so hard for a machine to do, comes naturally to all living things.

Pause for thought: The membrane surrounding the simplest of cells is still too hard for scientists to create artificially.
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HYBRIDS AND CHIMERA
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HYBRIDS

Hybrids are often depicted in films, fantasy and mythology. A mermaid is half fish and half human; a centaur is half horse and half human; the griffin in Harry Potter is half lion and half eagle. Fantasy writers love them, but mermaids, centaurs and griffins are just that. Fantasy.
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Mythical griffin

There are, though, real hybrids. Not as exotic as those mentioned above, but far more accessible because they are real. A hybrid is the mixture of two different species, a crossbreed where every cell contains DNA from both species. 

One familiar example is a mule, created when a horse and a donkey mate. A mule is not a member of the horse family, and nor is it a member of the donkey family. It is a hybrid of both species, a horse and a donkey, and every cell within a mule contains DNA from both species. 

Mules are not the only example, and the natural world has quite a few near related species that can mate given the right circumstances. Zebras and horses, lions and tigers, grizzly bears and polar bears, bison and cattle, etc. Often, the hybrids created by these unions are infertile and unable to reproduce.

In the case of mules, although there are some very rare examples of female mules giving birth, male mules are always sterile, so for most practical purposes it is fair to say mules cannot reproduce. 

That presents a problem for all the definitions of life that include the ability to self-reproduce. However, in the earlier part of this book I explained my own definition is not so much based upon the ability of the living animal or plant to self-reproduce itself as a whole, but on the ability of the animal or plant to self-reproduce at a cellular level.

Mules may not be able to reproduce and create other mules, but they are fully capable of reproduction and evolution at a cellular level. We know mules are alive because almost all the individual cells in their bodies are capable of self-reproduction and evolution.

There are similar arguments for the other hybrids too. We know they are alive, but they often fall outside many of the definitions of life that insist a living animal must be able to reproduce and create a similar animal. Hybrids fall outside those definitions, but they still fall within the definition being used in this book. Hybrids are self-sustained chemical systems capable of undergoing evolution because their individual cells are capable of reproducing and evolving.

CHIMERA

Chimera have their own cells complete with their own DNA, but they also have other cells containing other DNA. If you’ve never come across the word chimera before, you may think this is strange, but it’s really quite common.

Whenever someone has a blood transfusion, they are receiving blood cells containing someone else’s DNA. They end up with some of their blood cells having their own DNA, and other blood cells (the transfused cells) containing someone else’s DNA. Organ transplants are the same. The recipient of an organ transplant will mostly have their own cells containing their own DNA, but will also have a transplanted organ containing cells and DNA belonging to the donor. 
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Blood transfusion

You probably haven’t thought of yourself as a chimera before, but there is a strong likelihood you are a chimera even if you have never had a blood transfusion or organ donation.

Whilst you are in your mother’s womb, your own cells contain DNA from both your parents. Similarly, your mother’s cells contain none of your father’s DNA, but they contain DNA from both her parents. 

In the section on human reproduction, I pointed out the placenta and womb were designed in such a way that nutrients could pass from one to the other without cells being able to pass from one to the other. Scientists used to believe the barrier was completely effective, but now we are in the age of genetic sequencing, scientists have discovered that is not completely true. 

Cells from a mother not only sometimes manage to overcome the obstacles and circulate within a foetus, but they are able to remain there. Complete cells from a mother have been found in up to 40% of adults. As well as having your own cells (containing a mixed DNA from both parents), 40% of you reading this book may have complete cells which once belonged to your mother. Cells containing a mixture of DNA from both your maternal grandparents. 

Taking that a stage further, your mother also had a 40% chance of having some whole cells from her mother. This means there is also a slight chance you will not only have some complete cells from your mother, you may also have some complete cells that once belonged to your mother’s mother.

The reverse is also true. It is now believed complete cells from their baby may remain in the mother’s body for a considerable time after she has given birth, possibly in some cases for the rest of her life. 

Whilst intra-species chimera (where different cells are from the same species) may be quite common, inter-species chimera (where different cells are from different species) do not usually occur naturally. The exception is some inter-species chimera that have been successfully developed during animal breeding and stem-cell research. This type of research creates potential ethical, legal and philosophical problems to which there is no consensus, with different countries having different ethical and legal regulations. 

Pause for thought: In addition to your own cells, you may also have complete cells in your body that once belonged to your mother, and even possibly once lived within your grandmother. Part of your mother, and part of your grandmother, may be living inside your body. If you are a woman who has given birth, in addition to cells from your own mother and grandmother, your body may also contain cells that originally came from your baby.
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SMORGASBORD
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If you began reading this book believing you were an individual, an independent person beholden to nothing and nobody, it may not have escaped your attention that those beliefs were completely wrong. 

You are far more than an individual. You are a smorgasbord of many different people, and even of many different species. You may think of yourself as an independent being, but life can be better described as a collaborative enterprise.

Mitochondria is a vital part of each one of your cells, and responsible for ATP production and energy exchange. Yet this vital part of your body is believed to have originated as free-living bacteria that eventually became integrated within our cells. Mitochondria is so integrated that we can no longer live without it, and it can no longer live without us.

Your cells not only contain your own DNA, and not only your parent’s DNA, but around half of human DNA is likely to have originally come from a virus. 

Many cells in your body may have arisen from the original cell in your mother’s womb, but some may be complete cells once belonging to your mother or grandmother. A mother may also have complete cells belonging to her baby, and as a baby has cells containing a mixture of DNA from both parents, that means a mother may have some complete cells, not only containing her baby’s DNA, but also containing part of her partner’s DNA.

Other cells, the vast majority, have been created through taking in foodstuffs, and the breaking down and re-creation of cells that once belonged to other animals and plants.

Even taking all the above into account, if you still think of yourself as an individual being, you should know that the number of single cell bacteria in your body is greater than the number of your own cells. It is not simply that the bacteria are inside of you, they are an integral part of you. You cannot live without them and they cannot live without you. They are not just ‘in’ you. They are ‘part’ of you.

The fact that a living organism is made up of things originating outside the organism is not unique to humans. No living organism is ever completely endogenously constructed. Take the single-celled amoeba for example. Some amoeba may be infected by bacteria and by a large virus, and the large virus may itself be infected by a smaller virus. Four different organisms, with four different sets of genetic information, may be living in that single-celled amoeba.

Pause for thought: Life, in many diverse ways, is interdependent.
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HOW LIFE FIRST BEGAN
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No real unification in biology is possible without a new logic of life.

(Marcello Barbieri)

We began this book by looking at what life is made of, how living things are created and reproduce, how life is defined, and the wide variety of life that comes under that definition. We have even looked at how life is being recreated each day inside every one of us. We kind of understand all that. What we don’t understand so well, is how life first began. We grow from taking in food composed of previously living things, but where did the first living things come from, and what sort of things were they? That’s the question we’re going to be examining in this section. 

There are three main theories about how life started.

Some scientist believe life began with nucleic acid (RNA) which managed to replicate itself. Others believe life began with chemical metabolism, which managed to become a self-replicating chemical cycle. Others believe life began with the first cells. 

None of those theories are completely satisfactory. Scientists supporting what is known as the ‘RNA world’ hypothesis have so far failed to discover any self-replicating RNA. Scientists supporting the ‘metabolism first’ hypothesis have failed in their many attempts to reproduce the chemical cycles required. Scientists supporting the ‘cell first’ hypothesis have never been able to create a cell from scratch.

As of the date I’m typing this, nothing living has ever been made by humans entirely from non-living materials. After so many failed attempts, is it not time to wonder whether a paradigm shift may be required to push the search in a completely new direction?

I have mentioned a couple of times already that textbooks on biology usually begin with a statement that the cell is the smallest form of life. However, the fact something is written so often does not necessarily make it true. You may have noticed that many of the living things we have been looking at so far, such as viruses, plasmids, and viroids, are all smaller than a cell, and many biologists are now speculating life must have begun with some form of pre-cellular life.

Taken at face value, when biologists say a cell is the smallest form of life, it implies nothing smaller than a cell can be alive, and that in turn implies the very earliest form of life was cellular. Most scientists believe the DNA of every living thing on earth can be traced back to a single source known as the last universal common ancestor or LUCA, and that everything currently alive evolved from this early cellular life form.

It would be a mistake, though, to believe LUCA was the earliest living thing. A cell is a highly complicated structure. It is true scientists can now build chemically synthesised DNA and add it to a cell emptied of its own DNA, but attempts to create a complete cell artificially have always failed due to the complexity of the cell wall. 

Think about it for a moment. The cell wall protects whatever is inside it. It has to keep harmful chemicals out, but at the same time allow beneficial sustenance in. A similar thing occurs in reverse. The cell wall has to allow waste products out, but prevent other things escaping from it. The cell wall is so complex we are unable to reproduce one artificially.

What scientists are saying when they claim a cell is the smallest form of life, or the earliest form of life, is that something as complex as a cell wall suddenly and randomly came into existence from the surrounding chemicals. That’s hardly credible. There was undoubtedly a simpler life form prior to the cellular LUCA life form.

It would also be a mistake to believe LUCA was the only living thing at the time it was alive. It may have been one of several life forms, but the only one which survived to today, and the only one that left a geological and biological legacy. For all we know, there may have been many early life forms. Some living fleetingly, others living longer, but all failing the test of being able to evolve into a form large enough to leave a trace millions of years later.

We know LUCA managed to survive, managed to reproduce, and managed to evolve, and that has influenced scientific thinking ever since. Every current living thing has the ability to reproduce and to evolve. I’ve fallen into that trap myself when I chose the definition of life that ‘life is a self-sustained chemical system capable of undergoing evolution’.

LUCA managed to reproduce and evolve, and that, perhaps, makes it an acceptable definition of life as we currently know it. However, there could well have been other life forms living at the same time as LUCA, and long before LUCA. If the first form of life could not reproduce, whether it lived for seconds or years, was it any less alive? If the first form of life could not evolve by adapting to its changing environment, was it any less alive?

There could have been numerous life forms prior to LUCA. One such life form undoubtedly evolved to become whatever life form LUCA was, but that doesn’t mean the other life forms were not living, only that they did not evolve.

The fact such early life forms have left no trace for scientists to find, has not stopped scientists looking for them.

Associate professor Bernard Piette from Durham University in the UK, and Professor Jonathan Heddle from Jagiellonian University in Krakow, Poland, published a joint research paper in 2020 in which they concluded the first cellular life must have evolved from simple pre-cellular molecular self-replicators. 

Marcello Barbieri is an Italian theoretical biologist and professor of embryology at the University of Ferrara, whose whole scientific life’s work has been dedicated to the search for the fundamentals of life. Barbieri first outlined his ribotype theory on the origin of life in a research paper published in the Journal of Theoretical Biology in 1981, and he began by explaining how unsatisfactory existing theories about the origin of life were. 

The two main theories were the genotype theory, that genetic material existed first, and then developed a cellular wall of protein around itself as protection; and the phenotype theory, that protein came first, and then developed a way of replicating itself using DNA.

These theories are a bit like having to decide whether the chicken or the egg came first. DNA on its own cannot produce protein, and protein on its own cannot create DNA, so both theories were unsatisfactory.

Barbieri’s own theory bridges that gap. Instead of a bipartite system of genotype and phenotype, he proposed a tripartite system of genes, protein and pre-existing ribosoids.

To describe his theory, Barbieri used an analogy involving robots living in the future long after humans had become extinct. The robots were asking how they originated and there were two schools of thought. The first thought they must have originated with software, the second thought they must have originated with hardware. As software alone cannot create hardware, and as hardware alone cannot create software, the robots eventually concluded the thing that created them must have existed before the hardware and software. 

We now know single stranded ribonucleic acid (RNA) smaller and simpler than the double-helix shaped DNA, acts as a messenger and carries instructions from the DNA to control the synthesis of proteins. RNA is small, but its message usually allows completely accurate replication.

Barbieri suggested the earliest life forms were smaller fragments of RNA which he called ribosoids, and their replication was random rather than accurate. 

Current life forms are cellular self-replicating systems which synthesise their own components, but Barbieri suggests the earliest form of evolution took place within ribosomes at a pre-cellular level.

By the time of LUCA, there was a cellular life form capable of self-reproduction, but prior to that it is likely there were pre-cellular life forms capable of randomly reproducing different components, with one such random reproduction eventually resulted in something cellular.

Pause for thought: When you ask which came first, the chicken or the egg, or in this case DNA or protein, perhaps the correct answer is ‘neither’. Perhaps the first form of life were unsophisticated fragments of ribosoids (smaller than RNA but made of the same thing) capable of synthesising a wide range of components.
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IS THERE LIFE IN SPACE?
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The last chapter considered how life first began on Earth, but if life could begin on Earth, it could just as easily have begun on other planets.

Stories have long been told linking the night sky with alien life. As early as the second century, a Greek writer wrote a novel about all the different creatures he imagined on the moon, and he wrote about those creatures being at war with other creatures inhabiting the sun. The moon has provided good story lines for science fiction writers, but more recently we have been asked to cast our minds even further, and to travel with the Starship Enterprise on its five-year mission to explore strange new worlds, seeking out new life and new civilisations, and boldly going where no man has gone before.

Alien life is well catered for in fiction, but facts are racing to catch up.

The Search for Extra-terrestrial Intelligence Institute (the SETI Institute) in California began operating in 1984 with only two employees. Now, it employs around 100 scientists searching for all types of extra-terrestrial life from the simplest single cell to more complex intelligent civilisations. To date they have not found any clear indications of life of any size, past or present. 

The SETI Institute’s search for single cell bacteria in space may seem dull and unimportant, but discovery of simple life forms in space may one day help us discover exactly how life began on Earth. 

The search for intelligent life is far more exciting for most of us and is the stuff of science fiction stories and films. That search involves searching the sky for signals transmitted by intelligent civilisations.

The most famous equation in science is Einstein’s E=mc², but coming a close second (at least in the mind of the public) is probably the equation devised by the astronomer Frank Drake in 1961. The Drake Equation provides an estimation of the number of advanced civilisations there may be in our galaxy. 

The result of the Drake Equation is arrived at by comparing the number of stars in our galaxy, the number of those stars that have planets, the number of those planets suitable for life, the percentage of those planets which have actually spawned life, the percentage of those life forms that have evolved intelligence, the percentage of those intelligent life forms that have produced technology, and the number of years that technological society may have existed. 

[image: ]

The first three things are known; the number of stars in our galaxy, and the number of stars with planets capable of sustaining life. The remaining numbers of the equation are unknown, and that means the full equation cannot be completed with any certainty. Different scientists have made a wide range of predictions. Some have predicted there are millions, whilst others have argued that we are the only intelligent species existing in this galaxy. Any of these predictions may be right. All of them may be wrong. At the moment, we just don’t know.

All we do know is the first part of the equation.

The most recent estimate for the number of habitable Earth-like planets in our own Milky Way Galaxy is a staggering 5 billion. That’s one thousand million planets a similar distance from their sun to the distance Earth is from our Sun. Not the exact same distance, but within a band where scientists believe life could be possible.

Those are fair odds for those who believe in the likelihood of intelligent life in space, but until recently, the search for signals from outer space has been hampered by the SETI Institute having to share observatories built for other purposes. 

Those problems were overcome in 2007, with the completion of the first purpose-built radio-telescope dedicated to the search for alien life. The SETI Institution now has the capacity to search continuously over a much larger area of sky without interruption, and the extra capacity is welcome. Even if there are a million technical civilizations in a galaxy of some 200 billion stars, we would need to turn our receivers onto 200,000 stars before we have a fair statistical chance of detecting a single extra-terrestrial message.

It’s not only distant planets that are scanned. During 2018, a cigar shaped asteroid passed through our solar system, a shape never before been seen in any asteroid. Also, its hyperbolic orbit was different to the usual elliptical orbits asteroids have. Outwardly, it had the appearance of an asteroid, but there were some who thought it may be an alien asteroid shaped space-ship. The SETI Institute took up the challenge and scanned the object for signs of transmissions, but none were found.

Of even more recent interest was an unexplained signal picked up by an Australian radio-telescope in 2020. The telescope was monitoring the Proxima Centauri system, the closest planetary system to Earth, with at least one planet within the habitable zone of its star. Astronomers believe the most probable explanation for the signal is interference originating from Earth. However, they have ruled nothing out, and it could still turn out to be an alien signal. The odds are against it, but it may be (a very tentative may be) the first signs of extra-terrestrial life. 

Those who believe there is no other intelligent life in space argue that they would have visited us by now if there was. They believe, as the aliens haven’t visited, they don’t exist. The fact our own intelligent civilisation has only just managed to reach the nearest planets in our own solar system, and we have reached none of the planets of the galaxy outside our own solar system, seems to have been discounted. Also discounted is the possibility an alien civilisation has developed a more advanced stealth system similar to the system used by our own stealth aircraft.

Ultimately, belief in alien life is a matter of faith rather than a matter of science. The Drake Equation cannot be completed with accuracy, but only with wildly variable estimates. Those who claim to have seen flying saucers are largely discounted, and the SETI Institute continue their, until now, fruitless search. Of course, by the time you read this, there may have been some staggering proof one way or another. Until then, your guess is as good as anyone else’s. I’m not advocating gambling, but if you are already a gambler, a bet that alien life will be discovered within the next ten years may be worth a tentative punt.
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QUANTUM MECHANICS
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Life, we believe, depends upon quantum mechanics

(Jim Al-Khalili and Johnjoe McFadden)

From our first examination of a cell, and for most of this book, we have been examining life from the perspective of classical physics. In most biology textbooks that’s the only perspective considered, and for most purposes that’s the only perspective necessary. However, despite their best efforts, classical scientists have not been able to answer some of the bigger questions about life, and one of the biggest is the question of consciousness. 

The attempts to discover what makes us conscious have largely relied upon quantum science rather than classical science, so this section is a brief introduction to the mysteries of quantum mechanics before turning to the mysteries of consciousness itself. 

Classical science is great for teaching us about most things. If you know the position and speed of something at a given time, you can easily produce an equation to work out where it has come from and where it is going. 

Halley’s Comet, for example, was seen in 1910 and last seen in 1986. Given its speed and direction, we can confidently predict it will be seen again in 2061. Similarly, if you know the position and speed of each ball on a billiard table at a given time, an equation will enable you to work out where each ball started from and where it will end up; and if I drive at 60mph for one hour, I can confidently predict in one hours’ time I will be 60 miles away. If my watch says it’s 10:00 o’clock, in one hour I know it will be 11:00 o’clock. The right type of equation at a classical science level allows us to make those predictions confidently.

Predictions are so familiar in our everyday life that you could be forgiven for thinking similar predictions can be made on a quantum level. Not so. At atomic and subatomic particle level, no certainties apply. Certainties are replaced by probabilities, superpositions, and by uncertainty. Classical laws of physics are extremely useful for many things, but when we consider atoms, or subatomic particles, they don’t help us at all. We leave the realm of classical physics and enter the realm of quantum physics.

The early 1900s was a time of extraordinary discoveries by extraordinary scientists. 

In 1900, Max Planck realised energy existed in discrete quantities depending upon wavelength, and he named those discrete particles ‘quanta’. He created an equation showing there was a constant relationship, now known as Planck’s Constant, between energy and wavelength. 

In 1905, Albert Einstein realised mass and energy were different forms of the same thing, and he created his famous equation, E=mc², to show the relationship between energy and mass. 

In 1909 Ernest Rutherford began experiments that were later accepted as the beginning of nuclear physics. Until that time, the atom was thought to be a solid, sponge-like object, but his experiments on radioactivity led him to believe an atom was mostly empty, with a solid nucleus a thousand times smaller than the atom itself, and with electrons orbiting the nucleus similar to the way in which planets orbit a sun. He subsequently became known as the father of nuclear physics.

In 1913, Niels Bohr combined Rutherford’s model of an atom with Planck’s equation to produce his quantum theory of a hydrogen atom. He suggested electrons travel in distinct orbits around a nucleus. Rather than gradually moving from one orbit to another, the electrons jump from one orbit to another, a quantum leap, giving off and emitting a quantum of light in fixed wavelengths as they jump.

In 1924, Louis de Broglie wrote a thesis in which he suggested all subatomic matter moved with wave-particle duality. He combined Planck’s equation and Einstein’s equation to create what became known as the De Broglie equation. This equation calculated the wavelength of any particle with mass whose momentum was known.

The period between 1925 and 1927 was especially productive.

Wolfgang Pauli, built on Niels Bohr’s model of an atom. Electrons had been assigned certain numbers corresponding to distinct states of energy and movement, and Pauli introduced two new numbers, known as spin, and formulated what became known as Pauli’s Exclusion Principle. He proposed no two electrons in an atom could have identical quantum numbers, and it was later discovered this principle applied to all matter particles.

Werner Heisenberg realised that, whilst classical physics could measure the position and velocity of a particle and make certain predictions based upon those measurements, no certainty could be made about any object at a quantum level. He proposed what is now known as Heisenberg’s Uncertainty Principle. If all quantum objects possessed wave-particle duality, the position and velocity cannot both be measured at the same time. This means either the position or velocity will always remain uncertain. 

Erwin Schrödinger, influenced by De Broglie and De Broglie’s equation, formulated his own equation, the Schrödinger Wave Function equation, to calculate the energy given off by electrons in atoms accurately. Whilst it accurately calculates the energy given off, the equation doesn’t predict where the electron is, only the probable location, or range of locations.

These scientists are some of the greatest, and Max Planck, Albert Einstein, Ernest Rutherford, Niels Bohr, Louis de Broglie, Wolfgang Pauli, Werner Heisenberg and Erwin Schrödinger were all subsequently awarded Nobel Prizes.

You may feel the names and descriptions written above are rather dry, unexciting, and uninspiring. Many people thought so at the time, and even the scientists themselves sometimes immediately failed to see the implications of their discoveries. 

Individually, their discoveries were important, but relatively insignificant. Collectively, their discoveries were staggering. Unbelievable almost, but frequently and consistently confirmed by subsequent research, experiments, and experience.

These are complicated matters worthy of some of the most famous scientists in history. More recently, Richard Feynman, one of the most famous theoretical physicists of the mid-twentieth-century, proclaimed that nobody understood quantum mechanics. I count myself as one of the many who don’t fully understand it, but I will try to explain some implications as simply as I can.

According to classical physics, when a particle approaches an electric field it is repelled if the energy of the particle is less than the energy level of the field. However, in quantum physics, there is a probability the wave function of the particle can tunnel through the field and emerge the other side. 

This means some sub-atomic particles can pass through seemingly impenetrable barriers, and during the process known as quantum tunnelling the wave packet appears to pass through those barriers faster than the speed of light. 

The difference is staggering. Classical physics, the things we can see, has barriers that cannot be penetrated and speeds that cannot be exceeded. In quantum physics, the things too small for us to see, nothing is impenetrable and speeds can exceed the speed of light.

Quantum entanglement has similarly staggering consequences. During a state of quantum entanglement, no two particles can have the same spin, and both particles exist in all possible states until one is observed. However, as soon as one is observed to have an upward pointing spin, scientists know the second particle must have a downward spin. A pair of entangled particles share behaviour in such a way they cannot be described as independent, and they maintain their connection even when separated by large distances. 

The ability to change the behaviour of a second particle some distance away, by observing the first particle, led Einstein to describe quantum entanglement as spooky action at a distance. Particles that were once together, remain in instant, almost magical, communication with each other, despite being separated by huge distances. 

For example, particles that were once close but are later separated so far apart as to be located at opposite sides of the universe can, in principle at least, still be connected. In effect, prodding one particle would prompt its distant partner to jump instantaneously. In 2017 scientists were able to demonstrate two photon particles were entangled despite being 747 miles or 1,200 km apart, one on earth and one in an orbiting satellite.

Quantum tunnelling and quantum entanglement are not the only strange but wonderful things that happen at a sub-atomic level.

When you throw a stone into water, waves move outward in a circle. You can no longer say exactly where the wave is, because the edge of the wave is in more than one place at once. Throw two stones into the water and the waves react with one another in such a way that it becomes even harder to say where the waves are. Make the waves three dimensional rather than two dimensional, and things become even more complicated.

At a quantum level, particles behave like both a wave and like a particle, so Rutherford's description of electrons orbiting a nucleus similar to the way in which planets orbit a sun is now known to be incorrect. An electron is not in a single orbit, but in a three-dimensional cloud like wave that fills all the available space around the nucleus. 

The ability for a particle to exist in two different states at the same time is called superposition. For example, it may be both a particle or a wave at the same time, or it may have both an up-spin or down-spin at the same time. All particles remain in a superposition of states until they are measured, and until it is measured there can only be uncertainty about a particle’s actual state. 

Quantum tunnelling, quantum entanglement, and superposition only happen at an atomic level or subatomic level, but have been repeatedly proved both by experiments and at a practical level. Our modern world is full of inventions born out of one or other consequence of our knowledge of quantum physics. Semiconductors, transistors, diodes, computers, quantum computers, and modern cryptography have all arisen out of our knowledge of how things work at a quantum level. 

Quantum mechanics not only resulted in many of our modern inventions, but has been found in nature too. Scientists now know that the way in which many enzymes work in our bodies depends upon the same quantum processes.

The nature of Schrödinger’s Wave Function Equation is arguably the most contentious thing in quantum physics and has led to many different interpretations. The Copenhagen interpretation is probably the most widely accepted and was first proposed by Niels Bohr and Werner Heisenberg. This interpretation states particles do not have definite properties until they are measured, and prior to that you can only predict a probable range of results. The act of measurement causes wave function collapse, at which point all those probabilities are reduced to one.

One of the many alternative views, the many worlds interpretation states many worlds exist in parallel in the same space and time. There is no wave function collapse, but measurement produces an entanglement in which all possible states become actual states in all those different worlds 

You may by now be rather confused. You would not be the first and will not be the last. Quantum mechanics only affects things at an atomic or subatomic level. We cannot see quantum effects with our naked eyes, and nothing we have ever experienced helps our understanding. Yet quantum mechanics affects every fundamental particle in our body, and every atom from which every one of our cells is made. 

In their 2015 book 'Life on the Edge: The Coming of Age of Quantum Biology' Jim Al-Khalili, Professor of Physics at the University of Surrey, and Johnjoe McFadden, Professor of Molecular Genetics at the University of Surrey, said a small but growing number of scientists insist aspects of quantum mechanics play a crucial role in the phenomenon of life. They point out enzymes have made and unmade every single biomolecule inside every living cell that lives, or has ever lived, and as enzymes work through quantum tunnelling, life itself depends upon quantum mechanics.

The connection between quantum mechanics and life is one of the major themes in the remainder of this book. As the first part of that connection, we’re going to consider what Schrödinger said about the link between life, consciousness, and quantum science. Then we’ll look at how our understanding of quantum science can help our understanding about consciousness and death.
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CONSCIOUSNESS
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The biological systems that are our brains have somehow contrived to harness the details of a physics that is yet unknown to human physicists!

(Roger Penrose).

Up until now we have been looking at the mechanics of life. The nuts and bolts. The things from which we are built. That may explain what we are made of, but none of it explains consciousness.

There are numerous problems in defining life, but generally there is at least some agreement in describing all but the smallest things as either living or non-living. Scientists can look at the physical things around them and say, this is living because it can reproduce itself, or this is not living because it cannot reproduce itself. Whether it’s the ability to reproduce, the ability to evolve, the ability to metabolise, or any one of the many other things ending up in the different definitions of life, there is at least some broad agreement.

There is no such agreement about consciousness. Some arrangement of particles (such as your brain) feels conscious while others (such as your pillow) do not, and yet, like all living and non-living things, your brain and your pillow are made from the same fundamental particles.

The brain is the most complicated organ in your body by a long way. It is far more complicated than your heart, which is little more than a couple of joined muscular pumps powered by electrical impulses. Compared to your brain, your heart is extremely simple. It is strange, that if someone’s heart fails to function correctly they get a lot of sympathy, but if someone’s brain fails to function correctly they get a lot of ridicule. We should all be careful who we mock. The complicated nature of our brain means it is almost inevitable it will malfunction at one time or another during a lifetime.

Despite the complicated nature of our brains, there is nothing within them that accounts for our sense of consciousness, and therein lies the mystery that classical science cannot solve.

In 2014, a large experiment took place involving patients who had a cardiac arrest and had survived despite having a period during which they were clinically dead.

Activity within the brain ceases within 30 seconds of a heart stopping, but when the description of what each one of them saw and heard whilst they were clinically dead was compared with what had actually happened around them, clinicians were able to verify some descriptions as accurate. Somehow, despite the brain having no blood supply and all brain activity having ceased, they appeared to have been aware of what was happening.

I’ve already introduced you to Erwin Schrödinger who, in the 1920s, produced the Schrödinger Wave Function Equation. 

In 1935, Schrödinger conducted what is probably the most famous thought experiment in quantum physics. The experiment commonly known as 'Schrödinger's Cat' was designed to show the difficulties involved in a theory where nothing could be known until measurements were taken. 

Schrödinger's thought experiment imagined a cat in a box containing a radioactive atom and a vial of poison. Quantum mechanics states the radioactive atom could randomly decay, or not, at any moment, and when it does decay, it had been rigged up to cause a Geiger counter to break a vial of poison and kill the cat. The point of the mind experiment is that the fate of the cat cannot be known until the box is opened.

Prior to that, according to the Copenhagen interpretation of his wave function, the radioactive atom was in a superposition of decayed and not decayed states, and the cat was also in a superposition of being both dead and alive. 

If, before opening the box, you assume the cat is alive, or dead, there is a high probability you will be wrong, so Schrödinger said you have to assume the cat is both alive and dead. 

According to the many worlds interpretation of his wave function, many different worlds exist in parallel in the same place and time. The cat would be alive in one world and dead in another, and you wouldn’t know which world you were observing until you opened the box.

Schrödinger used the experiment to show that at a quantum level, none of our usual certainties exist. The exact state of a particle cannot be known before being measured, but his wave function tells us all the probable states, any one of which could be correct. 

Schrödinger was in regular contact with Einstein and gave a lot of thought to what it meant to be alive, and what part quantum mechanics played in life. 

In 1944 he wrote a book called ‘What is Life: The Physical Aspect of the Living Cell’. I’ve seen this book referenced many times, but usually only by title. The authors often use the title ‘What is Life’ as a prompt for their own ideas and then provide their own answer to the question without any further reference to the book or any further reference to Schrödinger’s answer to the same question.

Now I’m no Einstein, and I’m no Schrödinger, but as this book is about life, and as Schrödinger spent so much of his own life studying the question, I feel it only fair to summarise some of his conclusions rather than to pontificate about my own opinions. Schrödinger was clear that classical physics was insufficient to describe life, and he believed quantum physics provided the answer.

In the first chapter of his book, he wrote that present-day physics and chemistry could not possibly account for what happens in space and time within a living organism. In chapter two, he wrote that every cell contains a ‘cosmical’ number of atoms of every kind; and in chapter four, he declared quantum mechanics to be the first theoretical aspect which accounts from first principles for all kinds of atoms actually encountered in Nature.

For a scientist steeped in the traditional laws of physics, his conclusions in chapter six are truly staggering. He declared living matter was likely to involve currently unknown laws of physics. He repeats this in the final chapter of his short book, chapter 7, in which he states the structure of living matter cannot be reduced to the ordinary laws of physics, but somehow depends upon communication between the genetic material in the nucleus of all cells. Cells may only be aware of themselves, but they form part of, and unknowingly communicate with, a much larger life.

Having completed his book by concluding life involves cellular communication at a quantum level, he felt compelled to add an epilogue about the communication of consciousness.

He begins the epilogue by stating consciousness is never experienced in the plural, only in the singular. But whilst you may only be aware of your own consciousness, Schrödinger concludes our own individual consciousness is just one part of a much larger consciousness. 

The above paragraph is so astonishing, it is worth paraphrasing again. Schrödinger believes there is only one consciousness. We may only be aware of our own consciousness, but our own consciousness is part of one massive consciousness that incorporates the total of everyone’s individual consciousness.

Schrödinger was not the first Nobel Prize winner to consider consciousness, and he hasn’t been the last. 

Sir Roger Penrose was awarded the Nobel Prize for Physics in 2020. In 1995 he wrote a book called ‘Shadows of the Mind: A Search for the Missing Science of Consciousness’. In his book, he wrote there is no physical, biological, or computational theory that comes close to explaining our consciousness.

Classical physics cannot explain consciousness, not in reference to individual brain cells, or groups of brain cells, nor in relation to the whole brain, so for answers about consciousness we have to turn from classical physics and towards quantum physics. 

In his book, Penrose described quantum entanglement as an affect that does not fall off with distance. An effect that is quite oblivious not only of space separation but also of time separation. He made it clear that so long as these entanglements persist, one cannot, strictly speaking, consider any object in the universe as something on its own.

Having outlined his quantum mechanical credentials, Penrose then turned his attention to consciousness by stating his belief that the unity of a single mind can arise only if there is some form of quantum coherence extending across at least an appreciable part of the entire brain. He believes, for physics to be able to accommodate the phenomenon of consciousness, we must expect a profound change to the nature of reality. 

He is not the only scientist to think reality may be different to what we perceive it to be. Physics Professor Max Tegmark of the Massachusetts Institute of Technology (MIT) believes whatever the ultimate nature of reality may turn out to be, it’s completely different from how it seems.

Consciousness has been described as the last bastion that still has to be captured by physics, but Stuart Kauffman, affiliate Professor at the Institute for Systems Biology, Seattle, and Emeritus Professor of Biochemistry and Biophysics at the University of Pennsylvania is another prominent scientist who has turned his mind to what consciousness is. In his 2016 paper ‘Cosmic Mind? Theology and Science’, Kauffman also concluded the presence of entangled variables in the universe made something like a cosmic mind, or a set of minds, plausible. 
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WHAT IS DEATH?
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If defining life and consciousness is difficult, you would expect the definition of death to be easier because doctors sign death certificates every day. 

You would expect there to be a standard definition of death everyone works with, but once again you would be disappointed. There are working definitions, and most people recognise death when they see it, just as most people recognise life. However, similar to our definition of life, death also gets a little problematical around the edges.

It used to be sufficient for the lack of heartbeat and lack of breathing to define someone as dead, but technical advances made the cardiopulmonary definition of death untenable. It has been widely replaced in many countries by brain death, often defined as a total and irreversible cessation of brain function. Brain death is far more difficult to identify than the absence of a heartbeat or respiration, and the use of brain death, and even the definition of brain death, is not universally or internationally agreed. There are still circumstances in which you would be pronounced dead in one country whilst still being considered alive in another.

It was once well known, and self-evident, that a brain dies quickly and irreversibly once deprived of oxygen and blood. However, an experiment in 2019 involving a severed pig’s head from a meatpacking plant showed that was not always true. Four hours after the pig had been decapitated, scientists from the Yale School of Medicine connected the brain to a specially formulated solution and observed many basic cellular functions again taking place within it.

Defining death in a complex organism such as ourselves is sometimes difficult, but it is just as difficult in single-cell organisms. 

In a 2001 paper published in the Archives of Microbiology Journal, Thomas Nyström, professor of microbiology and immunology at the University of Gothenburg, found defining death was difficult in single cell bacteria in which no metabolism or reproduction was taking place. Opinion is split whether such bacteria are dead, or whether their lack of metabolism and reproduction is a strategy to survive long periods of starvation.

In a 2011 paper published in the Applied and Environmental Microbiology Journal, Hazel Davey, professor of Biological, Environmental and Rural Sciences at Aberystwyth University found the distinction between life and death was problematical in microbes because the route from 'life' to 'death' contained many steps, and the exact moment of death was far from easy to define.

In order to clarify things, it’s necessary to return to our definition of life to get a firmer grasp of what death actually is. Our definition of life is ‘life is a self-sustained chemical system capable of undergoing evolution’. If that is life, then death should be the reverse. Death would be anything that is not a self-sustaining chemical system capable of undergoing evolution.

Again, we need to remember what we are describing here. It makes a difference whether we are describing the whole of something or the part of something. I may have a gangrenous leg, a black, lifeless, dead leg, whilst the rest of me is still alive. Taking the medical definition of death described earlier, my leg may be dead, but my brain may still be very much alive.

It is generally accepted our hair, nails and outer cells of our skin are dead, but almost all of our cells die and are replaced over time. That does not mean once a cell has died its component parts are always dead. Some cell parts may be permanently disposed of as waste products, but most component parts will be broken down and re-constituted into new cells. This happens to cells, and particularly to the protein within our cells, all the time, and it is difficult to determine at what stage those individual cells are living and at what stage they are dead.

What happens to individual components of a cell that dies and is broken down, and where the components are reused to create a new cell? Perhaps those components start off alive, die, and then come back to life, or perhaps they are always alive, or always dead.

This ambiguity is also noticeable within things we classify as inanimate. Everything around us is filled with once living components. The sediment in the sea and rivers, and the soil and rocks in the ground, are all impregnated to differing degrees with the dust of once living cells. There appears to be no firm demarcation line between things that are living and things we describe as dead, and organisms can be alive even if their constituent atoms are not. 

So where does this dependency end? Where is the demarcation line between living and non-living things?

When people think about experiments, most people imagine a laboratory stocked with test tubes and staffed with scientists wearing white coats. There are experiments like that, but there are also experiments that don’t use laboratories at all. Experiments that only take place in the mind of the person conducting the experiment. Schrödinger’s cat is an obvious example.

The lack of a physical laboratory does not make thought experiments the poor relation. Thought experiments have been responsible for some of the world’s most profound discoveries. Many experiments have been confirmed physically later, but almost all discoveries of note were first born inside enquiring minds. 

In your mind’s eye, I invite you to take part in a thought experiment by coming with me on a journey through a long room with a series of beds along one wall. 

The first bed has a mannequin on it. The type you may find in the window of a department store. In your imagination, do you imagine the mannequin to be alive or dead? It may have a head, two arms and two legs, and a torso, but the vast majority of readers will have no hesitation in describing the mannequin as dead. Those that don’t, probably read too many horror stories for their own good. The mannequin may have the outward appearance of a person, but inside the outer facade there is no human tissue. Let’s move on.

The next bed contains the body of a woman, which has all the things missing from the mannequin. It is covered in skin rather than plastic, and within the skin are all the organs that make us human, a heart, lungs, brain, liver, kidneys. This body has everything you and I have, but it is cold to the touch, and pale, and stiff when you try to move it. In your imagination, do you imagine the body to be alive or dead? Most of us would recognise the body as a corps. A body that once lived, but which is now no longer alive. It may have all the human tissue it should have, but that tissue has no life within it. 

Before we move on, lift your eyes from the bed to see the woman’s adult son who is standing by her bedside whilst mourning his loss. Unbeknown to him, his body contains some cells belonging to his mother. Not cells containing half of each parent’s DNA, but complete cells that once belonged to his mother. Those cells were passed to him whilst he was in his mother’s womb, and those cells are still alive within him. Whether his mother is completely dead is more problematical now. Certainly, the woman lying in the bed appears to have died, but several thousands of her cells remain alive and may continue living until the death of her son many years into the future.

The next bed contains a body similar to the one in the previous bed, but is now connected to all manner of intensive care paraphernalia. A ventilator is artificially providing the lungs with a mixture of oxygen and air, a drip is artificially providing nourishment directly into a vein, an external pacemaker is providing stimulation to the heart, and a kidney dialysis machine is filtering waste products from the blood. In your imagination, do you imagine the body to be alive or dead? The decision is harder now. If you are still imagining the body as being similar to the previous one, cold and stiff, you may have decided the body is dead and awaiting removal of all the paraphernalia; but if you are imagining the body as warm and pliable, you may have decided the body is still alive and has the possibility of recovery despite not being able to survive without the help currently being received. Let’s move on.

The next bed contains a body that is warm and pliable. All the major organs are functioning. The lungs are breathing, the heart is beating, the kidneys are filtering, the brain is controlling the lungs, heart, kidneys and all the other vital organs, and the body is sitting up in bed reading. Is the body alive or dead? Things have got easier again. The body is obviously alive, so let’s move on.

The next bed also contains a body sitting up in bed, but this body has unfortunately had both legs and both arms amputated. The body has also had tonsils and adenoids removed, had a gall bladder taken out, had a kidney removed, and been circumcised. Is that body less alive than the one in the previous bed? I am hoping you are all still sure the person is still alive, but maybe for a moment you asked yourself how much of a person’s physical body is essential to life?

The next bed has someone sitting in a chair beside it. They are in the later stages of dementia. They only have a short-term memory and are asking why they are there. They don’t recognise any of the nurses they see every day and don’t recognise close family members when they visit. Whilst they look physically similar to how they were five years ago; in all other respects they are unidentifiable. Their brain function has increasingly deteriorated over those five years. Their memories are different. Their emotions are different. Their personality is different. Their brain is still functioning, but differently and increasingly less effectively. A ‘person’ and their ‘personality’ are intimately connected. I am hoping you are all sure the person is still alive, but maybe for a moment you questioned whether that person was the same person that lived five years ago. There is no correct answer, but it is nevertheless a question increasing numbers of people are having to grapple with every day.

The next bed has nobody in it, but there is a person standing beside it having a coherent conversation with a doctor. Is the doctor alive or dead? There should be no question in your mind. The doctor is alive, but what if I told you they only had half a brain? Is that doctor’s body less alive than yours or mine? I am hoping you are all sure the person is still alive, but maybe for a moment you asked yourself how much of a person’s brain is essential to life.

This is no academic question. There is an operation called a hemispherectomy in which one half of a child’s brain is removed. The operation is sometimes offered to children whose lives would otherwise be ruined by constantly repeated epileptic seizures every day of their lives. Many children who have had a hemispherectomy operation have no adverse consequences and are only distinguishable from their former selves by their lack of seizures. Some children who have had a hemispherectomy have gone on to higher education, so whilst it may be unusual, it is perfectly feasible for the doctor to have had one when they were a young child.

Experience has taught me death is not a long-drawn-out thing. I know people suffer from diseases such as cancer, and sometimes appear to take a long time to die, but the actual moment of death occurs in a heartbeat. I have nursed dying patients at their moment of death in hospital, and I have been at the bedside of terminally ill patients as they have died whilst working as a minister of religion. However ill they may be, and however long their illness, one second they have been alive, and the next second they have been dead. The difference taking place between those two seconds is practically imperceptible. They are the same person. The same body. Still warm to the touch. Perhaps even, still there.

Take an infection that is killing cells in your body as an example. Cells die and get replaced on a regular basis so you can live without the odd one or two. At the beginning, you may not even notice the infection is killing cells. Eventually though, more and more cells will succumb to the infection and you will start to feel ill. Your body will fight the infection, and in most cases, win that fight. In the minority of cases, the body will lose the fight, and the infection will continue to kill cells until the moment of your death. One moment, it will have killed one million cells (for example) and you are still alive and fighting. The next moment, it will have killed one million and one cells, and that extra cell death has propelled you through death’s door. The number of cells required to kill you will differ depending on what part of the body is infected, and the cause of death will differ depending on where those cells are, but until that critical number of cells is reached you will be alive, and after that critical number has been reached you will be dead. 

There is a similar process when you have a life-threatening injury. The body can cope with a little less blood. It can cope for a small length of time even when a major artery is severed, but there comes a point when the limit of sustainable blood loss is exceeded. One second you are alive despite the loss of blood. The next second you have lost sufficient blood to kill you.

I have watched many people at the point of death, and there is no perceptible difference between the second before and the second after. One second people are alive, the next they are dead, virtually unchanged. The change is minuscule, minute, almost insignificant. 

Here is the paradox about death. Whilst the moment of death occurs in a heartbeat, most of a body is still alive for various lengths of time afterwards. Immediately after the moment of death, a body as a whole may be clinically dead, but the whole body is not dead. Different cells in the body die at different times and some take longer than others, but sooner or later we recognise the self-sustained chemical system we call a person is no longer capable of sustaining itself. We recognise all activity has ceased and, even at a cellular level, no more evolution is possible. 

At a classical science level there is no ambiguity, and for most, that means our physical bodies are committed to decay in the ground or to be consumed by fire.

Things are not so straight forward at a quantum level. The fundamental particles from which you or I are made are virtually indestructible. In time they may even find themselves used to create another person, another living plant or animal, or even to create something inorganic. 

Leaving the quantum considerations on one side for a moment, most people consider death (and taxes) to be unavoidable. Our physical bodies rot and decay or return to the elements. Most know the ultimate fate of their body is unavoidable, but many also have a hope, an intuition, or an assumption that something lives on. What is vitally important to many people is not what happens to our physical bodies, but what happens to our consciousness? Our bodies have gone, but have ‘we’ gone with them, or are ‘we’ still alive? 

Pause for thought: Our physical bodies age and decay, or become so damaged by illness or injury they are no longer capable of sustaining life. When that time comes, do we die too, or are we somehow still alive? 
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LIFE AFTER DEATH
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Life we will argue, lives on the quantum edge

(Jim Al-Khalili and Johnjoe McFadden)

In the vast majority of cases, our bodies get buried, burnt or decayed. In other cases, they may find themselves being eaten by animals or fish, dissolved in acid, lost in space, or have numerous other less likely type of endings. All the bodies that have died in all the years since human life first began have ended up in similar ways.

Regarding life after death, you really only have two choices. Either you believe your life completely ends when the life in your body ends, or you don’t. Either there is something else after physical death, or there is not. 

I have been surprised at how many of my non-religious friends and relatives still believe in some sort of afterlife. They don’t attend any place of worship, and they proclaim no religious affiliation, but their social media pages often paint a picture of people who still believe their parents or grandparents are somehow looking down on them. They may not believe in God, but may still believe in ghosts.

Perhaps I shouldn’t be surprised. Whilst it’s widely thought most people are no longer religious, and that most people no longer believe in any sort of life after death, statistically that’s not correct.

Research conducted in 230 different countries, and published in 2012, estimated 84% of the world’s population are still affiliated to an established religious group. Many of those affiliations may be for political or cultural reasons, but other researchers have estimated only 7% of the global population do not believe in a god of some sort. 

Many amongst those who say they are sure death is the end, continue to behave as though life carries on. This was graphically illustrated in research undertaken in 2019 at the University of Otago, New Zealand, when students were invited to undertake mindfulness tasks whilst wired up to record their stress levels. They were split into two groups, with one of the groups being told a university employee had recently died in the room being used. As a casual aside, they were also told a student had since seen the ghost of the dead person in the room.

Half-way through the experiment, a remote-controlled light flickered on and off for several seconds. The students who hadn’t been told about the ghost showed mild anxiety. The students who had been told about the ghost, even those who had previously explicitly declared their belief everything ceases at death, displayed significantly more stress, and reported being significantly more afraid.

You may feel it natural to be afraid of ghosts or to be anxious in a haunted room, but if you believe there is nothing after death, such fear and anxiety is illogical. You may also feel the growth in the number of stories and films about vampires, ghosts, and the like would be illogical if the majority of readers and viewers believed death to be the end.

The 2019 research is just the latest in a long line of research where the belief and behaviour of atheists has shown a disconnect. 

In research conducted in 2014, avowed atheists were wired up to record their stress levels as they read various statements. Some of these statements were neutral, such as 'I hope summer will be warm’; some were really offensive, such as 'It's okay to kill ugly children', and some dared god to do harmful acts to themselves or their families, such as ‘I dare God to make my life miserable’. Researchers recorded increased stress levels when the atheists read statements daring God to do something harmful, showing their involuntary reactions were contrary to their stated belief.

Similar findings of disconnect between reason and intuition were seen in an experiment in 2000, where students were offered money in exchange for signing a piece of paper in which they were asked to sell their soul to the person conducting the experiment.

Whilst classical physics is completely compatible with death being the end of both body and consciousness, the quantum physics argument is not so clear cut.

Stuart Kauffman is an affiliate professor at the Institute for Systems Biology Seattle and Emeritus Professor of Biochemistry and Biophysics at the University of Pennsylvania. In his book 'Cosmic Mind?' he wrote that quantum aspects of the living may persist after death, and that independent and entangled quantum variables may escape the body and pass into space as entangled sets of variables.

Arguments about quantum entanglement and a cosmic mind find their echoes in several religions, so it could be argued quantum physics is more compatible with the religious viewpoint than the atheistic viewpoint.

Quantum entanglement and quantum consciousness imply that the universe is as much a part of us as we are part of the universe, and the universal consciousness is as much a part of us as our consciousness is of the universal consciousness.

These thoughts are echoed by many religions, and there could be few better descriptions of the quantum entanglement of life, or of a united consciousness, than the words of Jesus when he tried to reassure his disciples not to fear death prior to his own death. He said, ‘I am in my Father, and you are in me, and I am in you’. 

The Jewish Kohelet (Ecclesiastes) says ‘the dust returns to the earth as it was, and the spirit returns to God, who gave it.’

The Islam Qur’an says we will be raised after death ‘in the form of which you have not the slightest knowledge.’ 

The Hindu Bhagavad Gita says, ‘the soul is unbreakable and incombustible; it can neither be dampened nor dried. It is everlasting, in all places, unalterable, immutable, and primordial.’

The Buddhist Dalai Lama has said, ‘Buddhism has long argued for the tremendous potential for transformation that exists naturally in the human mind.’

Sikhs believe the soul has to live through five stages. The final stage, the stage of truth where God lives, is the final state of the evolution of consciousness. One of their most famous passages of Sikh scripture ends with the phrase ‘God is within you’.

Members of the Bahá’i religion believe that ‘the soul, after its separation from the body, will continue to progress until it attains the presence of God. ... The nature of the soul after death can never be described. ... The world beyond is as different from this world as this world is different from that of the child while still in the womb of its mother.’

In writing about the above religions, I am not trying to convert you to one or the other. This is a science book, not a religious book, and as far as I know there is no scientific proof of a universal consciousness, or that our own consciousness joins with a universal consciousness after death. 

If a one-day old baby dies, and if there is life after death, you wouldn’t want that baby to always keep the consciousness of a baby. You would want that one day old baby to grow and develop into its potential, and there can be no greater potential than for that baby’s consciousness to combine with the consciousness of the whole universe.

Whether consciousness continues is not a scientific fact, but is offered as a hypothesis by many of those scientists who refer to the link between quantum mechanics and consciousness. 

A hypothesis is based upon faith, not fact. It is a supposition beginning in the mind, which you may or may not feel is worthy of further investigation.

Einstein did not have proof energy and mass were related in 1905 when he conducted the thought experiments leading to his E=mc² equation. In his mind he supposed there may be a connection, but the proof came later, and from someone else.

Almost all scientific discoveries have their genesis in the mind. Scientists suppose something may be true, and seek in faith to find evidence proving or disproving their supposition.

In the 1980s, when scientist first proposed building the Large Hadron Collider to find the Higgs boson, they had faith the Higgs boson existed, but they had no proof. Acting on their supposition, the collider was built and the Higgs boson was eventually found in 2012. It took 32 years before they had proof, and 32 years before they were sure. Prior to that, they had all been acting in faith. 

I have already mentioned two of the different interpretations of Schrödinger’s Wave Function, the Copenhagen interpretation and the many worlds interpretation. There is evidence for both these interpretations, but no absolute proof either is correct. One or the other probably is correct, but scientists searching to prove or disprove those interpretations are doing so in faith. There is no absolute proof. Those SETI Institute scientists engaged in research for extra-terrestrial life are searching in faith. There is hope, but no proof.

That’s as it should be. Quantum physics itself deals with probabilities rather than certainties, so it is those probabilities we need to turn to in our discourse about life after death.

The many worlds interpretation was originally devised by the physicist Hugh Everett in the 1950s and implies there may be an infinite number of universes where every possible outcome is realised. Everett's vision is that there is a single wave function for the whole universe, and when one event happens in our world, the other possibilities of the wave function continue in new worlds where each probability becomes a reality. It is, perhaps, like the three-dimensional ripple mentioned earlier. You start in the same fixed place, but as the ripple moves outward, the ripple forever changes. The theory is perhaps best summed up by the title of the book co-authored by Professor Brian Cox and Professor Jeffrey Forshaw, of Manchester University, ‘The Quantum Universe: Everything that can happen does happen’. 

In their book, Cox and Forshaw claimed every electron in the universe knows about the state of every other electron, every proton knows about every other proton, every neutron knows about every other neutron, and there is an intimacy between the particles that make up our universe that extends across the entire universe.

The classical science question is ‘can you prove there is a universal consciousness to which our own consciousness links after death?’ The answer is an emphatic, ‘no.’ There is no proof.

The quantum science question is different. Not one of absolute proof, but of possibilities. ‘Is it possible, in one of the many worlds envisaged by the many worlds interpretation, there is a universal consciousness to which our own consciousness links after our physical death?’ The answer is an emphatic, ‘yes.’ It is a possibility. 

It would be illogical to claim everything that can happen does happen because there are an infinite number of worlds, and also to claim there cannot be a God like universal consciousness in any of them. If a universal consciousness can be in one of them; why not in this one?

There is no proof, but quantum physics does not rule it out as a possibility. It becomes a matter of faith.

There are other considerations too.

We, like everything else that you can see or feel, are made from the three fundamental particles of electrons, up-quarks and down-quarks. If these particles are truly indivisible, then they are also truly indestructible. Your bodily organs and cells may rot and decay, but when they have rotted and decayed to their fullest extent, the electrons, up-quarks and down-quarks still remain. If our particles are in a state of quantum entanglement prior to death, nothing in the decaying process leads us to believe that quantum entanglement does not still remain after death.

The final consideration in this section relates to one of the laws of physics that states information is indestructible. If that is true, it could mean the information you call your consciousness is indestructible too.

Indestructibility of information presented a problem in the 1970s when Professor Stephen Hawking of Cambridge University showed that when two mutually entangled particles approached a black hole, it was possible for them to be separated, with one being swallowed up by the black hole whilst the other remained outside and escaped. This process not only causes a black hole to emit radiation (now called Hawking radiation) but also means that when the black hole eventually evaporates away at the end of its life, the information within the black hole would no longer exist.

Scientists had concluded information could never be destroyed, but they had also decided it could!

There have been many attempts to solve what is now known as the black hole paradox, or information paradox. The latest progress appears to have been made in 2019 when scientists discovered the information in old black holes may be accessible via wormholes in spacetime. Wormholes have a factual and mathematical base, but nobody has yet seen one or proved they exist. Like life after death, wormholes are still currently considered more in faith than in fact. 

Pause for thought: If there is a universal consciousness, would we not be happiest if our own thought and actions were in tune with it.

	[image: ]
	 	[image: ]


[image: ]

PURPOSE OF LIFE

[image: ]


A person is a diminutive, ephemeral thing, standing smaller in comparison with the universe than a single atom stands in comparison with the Earth.

(Sean Carroll)

We are born, crawl about, and learn to walk and talk. In most societies we go to school, and/or college and university, we work, we retire, and we die. What for? 

Some individuals make a great impact on the lives of others, but most of us are too busy just surviving. We go through the various parts of our lives until it inevitably ends.

There are millions of people on the planet, so for most of us, however large our ultimate funeral may be, our deaths will have had little to no effect on anyone other than our close family members.

So, what is the purpose of life? More to the point, what is the purpose of my life, and your life?

In 1904, Hantaro Nagaoka defined an image of electrons spinning around a nucleus in a similar manner in which Saturn’s rings spin around Saturn. The image showed an atom to be similar to a miniature solar system, but as early as 1908 Nagaoka realized the image was incorrect. Despite being wrong, his image has endured, and it has inspired many science fiction writers to imagine people living on an atom sized world, and it has inspired just as many to imagine the Earth as an atom sized part of something much larger.

I grew up with this incorrect image of an atom, and I grew up with an equally incorrect image of the solar system.

The image of the atom was incorrect because an electron cannot be isolated to a particular place on a particular orbit. We now know a single electron fills the whole space, and its cloud-like presence fills every location around the nucleus at the same time. Similarly, I now know the image of the solar system with an orange sized Sun with the Earth and all other planets circulating around it was equally incorrect. If drawn to scale, even the nearest planet to us, Venus, would have been so far away it could not have been drawn on my bedroom wall at all.

Those original images are seared upon my brain and, like many science fiction writers, I have often imagined whether the scale at which we view things has blinded us to the truth about life. Despite those images being wrong, could they nevertheless point us towards a truth about the very substance of life? I believe they could, and I want to take you along with me as I engage in another thought experiment, but first, an illustration. 
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Water Molecule

The above illustration is a water molecule, H2O. Two molecules of hydrogen and one molecule of oxygen. It is not to scale, for reasons that will soon become obvious, but it shows each hydrogen molecule has a single electron in a 3D orbit around each nucleus. The larger molecule is the oxygen molecule, which has eight electrons in two 3D orbits, two in the inner orbit and six in the outer orbit. The oxygen molecule needs ten electrons in its outer orbit to remain stable, so it borrows the hydrogen electrons each time they come near. This is known as a covalent bond, and it holds the molecules together. The other thing you should know is that the oxygen molecule has eight neutrons and eight protons in its nucleus, but each hydrogen nucleus is created from a single proton.

This particular water molecule is located on the inner wall of the double membrane of a nuclear envelope which surround the nucleus of a nerve cell.

Having got the description and location out of the way, let’s start the thought experiment.

When we were considering the definition of life, I introduced you to Horace, the imaginary mountain gorilla. Now I want to introduce you to another imaginary creature, a person named ‘Proton’ who lives in the centre of the top left hydrogen atom in the image.

Although it doesn’t know it, this Proton creature is part of a hydrogen atom, which in turn is part of a water molecule in a human body. The creature is only the size of a single proton. That’s 10-15 m, or to put it another way one quadrillionth of a meter, or 0.000 000 000 000 001 m.

Like all protons, this proton person is made from 2 up-quarks and 1 down-quark.

The proton person has cleverly developed a microscope which allows it to see very small things, and that microscope is as powerful as the ones we have developed. In a similar way in which we know about the forces of gravity despite never having seen a graviton, this proton person is convinced there is something called a ‘quark’ that is smaller than it is. Despite its conviction, and despite the tremendous power of its microscope, it has never been able to see a quark, so it has concluded a quark must be a point particle with no discernible size.

As well as being concerned with looking inward towards the smallest of things, this proton person is also concerned with looking outward, and it has developed a powerful telescope to explore its universe. Here too, the results have been disappointing. It believes there is a moon it has named ‘electron’, but despite constantly looking through the telescope it has never been able to see it. Rightly or wrongly, it has assumed the electron, if it exists, is a point particle too.

Looking still further out into its universe, this proton person has determined mathematically that it may not be alone, and that there may be other proton people out there somewhere. It has further determined there may even be something it’s called an ‘Oxygen Nuclei’, but through its most powerful telescope it has seen nothing apart from an impenetrable fuzziness. 

We can make the task of the proton person a little easier by hypothetically removing the electron induced fog, thus allowing it to see further into its universe.

The proton person is about 10-15 m tall. If they look in the right direction, they will be looking towards an oxygen atom. The electrons in the oxygen atom will not be visible because they are point particles, but the 8 neutrons and 8 protons are invisible because they are simply too far away.

The hydrogen-oxygen bond length is about 10-9 m, so the distance between our hypothetical 10-15 m proton person and the nearest neutron in the oxygen nucleus about 10-9 m away, is approximately 1,000,000 times the length of the hydrogen nucleus itself. To put this into perspective, the average height of an adult living in England is 168.6cm. An average height person looking for another person 1,000,000 times further away than their own height would be trying to see another individual 1,686 kilometres away, further than the distance between London in England and Naples in Italy. Because of the distance and comparative sizes, the proton person would not be able to see any of the other protons or neutrons making up its H2O molecular world, and it would be completely unaware of their presence.

What about its larger H2O water molecule universe? Outside its own hydrogen atom molecule, the atom containing our proton person is bonded to the oxygen atom of an adjacent molecule of H2O. The nucleus of this atom is around .25 nm away but the protons and neutrons remain the same size, so if the proton person was not able to see an adjacent proton when it was 1,000,000 times further away, it certainly would not be able to see something the same size as itself 2,500,000 times further away. This would equate to an average-sized person trying to see another person who was 4,215 km away, further than the distance between London and Baghdad.

On an even larger scale, as this proton person is part of a hydrogen atom that is part of a water molecule located on the inner wall of the double membrane of a nuclear envelope surrounding the nucleus of a nerve cell, what else could the person see?

The universe of the proton person would be confined to the perinuclear space, and no matter how good its vision, it would never be able to see outside the space bounded by the double membrane. Even looking at the shortest distance, the opposite wall of the membrane would be between 20 and 40 nm away. This is 20 to 40 million times its own height, which equates in human height terms to between 22.5 to 45 times the distance between Earth and our Sun.

Now I freely acknowledge that there could well be large variations in some of the above calculations, not least because of the tendency for water molecules to make large jumps and rotate every two to three picoseconds as they continually break and reform their hydrogen bonds. For the avoidance of doubt, I should also say that I am in no way suggesting a proton is like a mini person capable of holding a microscope or telescope. 

The purpose of the proton person was simply to conceptualize some of the perceptual difficulties regarding the universe in which we live.

A proton person would be virtually unaware it was part of an atom, even less aware it was part of a water molecule, and totally unaware it was part of a nerve cell that was in turn part of a human body. Despite the importance of the nerve cell of which it was a part, the relative distances would keep a proton unaware of its purpose, even if the proton had the intelligence to investigate its surroundings. 

That single proton may also seem relatively unimportant in the scheme of things. It could die without any serious consequences to the nerve itself, and yet, if all protons died, the body would die too.

Whilst the proton person is not real, our difficulties are nevertheless similar. It has been said that a person is a diminutive, ephemeral thing, standing smaller in comparison with the universe than a single atom stands in comparison with the Earth. 

Looking inward, we know all matter is created from two different particles, up quarks and down quarks, but that knowledge appears to be of no help whatsoever in determining the difference between living things and non-living things. Looking outward, we have reason to believe the universe is far larger than we can see, but the nature of what is beyond our vision is highly speculative. Also, highly speculative, are the theories about what, if anything, was before the big bang, and what, if anything, will be the ultimate fate of our universe.

It is only an accident of our relative size, longevity, and perceptual acuity that we can see the distances between the organisms that comprise a species, but not the even greater relative distances that separate the atoms that make up an organism.

For those reading this who are still searching for the purpose of life; I’m sorry! I can’t give you scientific proof there is any purpose at all. This too, is a matter of faith. 

Our place as individuals makes us too small to discover any meaning to life. Like the proton person, we may make little individual difference in the vast scheme of things. But note, I used the word ‘little’ not ‘none’. I believe each one of us does make a difference, each one of us does contribute to the difference our species makes, and each species does contribute to the difference all life makes. We may not have scientific proof of our purpose, but I have faith it involves caring for one another, however different we may be from one another individually. 

Our cells are vitally important to us. Every single living part of us consists of cells, and without them we wouldn’t exist. There are about 20 trillion nucleated cells in an adult human, but we know surprisingly little about them and not all of them have yet been categorised. Individually, every individual cell is dispensable, but collectively they are vital to us.

You could take any individual cell from your body, and it would make no difference to you. It wouldn’t matter where you took it from; your heart, your brain, anywhere. Once taken away from your body, that single cell will die, but your body would go on living totally unconcerned.

Each independent cell is unimportant, but collectively they are vitally important. Collectively, they are me, and collectively they are you. Perhaps, like the cells, we as individuals are similarly unimportant, but collectively vital. 

Following this logic further, perhaps each individual particle within our body is unimportant, but collectively vital. Perhaps our universe is unimportant within the multiverse, but collectively vital. Perhaps whether we live or die as individuals is unimportant, but collectively we have as vital a function in the universe as a single cell in our heart or brain has within us.

During the Covid-19 pandemic of 2020/2021, some people had no symptoms when they had the virus, but could still pass the virus on to others. Many governments urged their citizens to act as though they had the virus, whether they had symptoms or not. They were urged to act as though they were infected, even though there was no proof they were infected.

I would suggest a similar argument in regard to our purpose. I can’t scientifically prove there is a purpose to life, but I would urge you to act as though there is. You may at times feel worthless and that nobody would miss your passing, but your life may unknowingly be vital. 

Whenever you have contact with someone else, however annoying and worthless they may seem to you, and perhaps particularly if they seem worthless, we should remember they may have a vital purpose that is beyond our comprehension, and treat them with the dignity they deserve. 

Pause for thought: Treat others with respect. Treat yourself with respect. The fulfilment of life’s purpose may depend upon each one of us.
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END OF THE UNIVERSE
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Just as human beings, planets and stars are born, live their lives and die, so the universe also lives its life in distinct stages.

(Cox, Cohen, and BBC)

There is a connection between us and our universe. Despite the vast separation of time and space, all the matter from which we are made, and all the matter from which the universe is made, arose from the big bang and events following it. 

Quantum entanglement is an effect that does not fall off with distance, but which seems to be an effect oblivious not only of space separation but also of time separation. Particles that were once close but later separated so far apart as to be located at opposite sides of the universe, can still be connected.

So how will it all end? 

Yet again, whatever we believe about the end of the universe is believed in faith and not because of factual proof. We can follow the universe back to the big bang because scientists can prove the universe is expanding, but there is no such assurance about the future. There are various theories about what the universe will do next, but all we can do is wait to see which one is ultimately correct. 

The universe could simply keep on expanding, becoming colder and colder, and with the planets, suns and solar systems continuing to move further apart from one another. 

The universe could eventually stop expanding, and then remain as it is in a permanent fixed state of equilibrium for ever. 

It could stop expanding, and then go into reverse, ultimately ending up back where it started as a singularity within a black hole. 

Finally, the universe could collapse into a black hole before emerging as a new universe from a white hole.

Paradoxically, in order to examine the end of the universe, we have to return to the beginning.

For years, scientists hypothesized about black holes. Theorists predicted them, but most scientists remained sceptical until the first one was found in 1971. Many black holes have been found since then, but it was 2019 before the Event Horizon Telescope finally managed to photograph one and provide direct visible proof. 

There is a similar situation today in regard to white holes. Theorists are predicting them, but none have yet been found.

Professor Carlo Rovelli is a theoretical physicist, one of the founders of loop quantum gravity theory, and professor of Theoretical Physics at Aix-Marseille University, France. He believes the content of a black hole can be compressed into the density of a Plank star, but no more. Think, if you will, of a soft bouncing ball. When it hits the ground it becomes compressed, but at a certain point it reaches its full compression and the ball bounces upwards again.

Rovelli theorises something similar happens at the centre of a black hole. Matter enters the black hole and is increasingly compressed until it can be compressed no more. Things can only travel one way within a black hole, so instead of bouncing back the way it arrived, it bounces past the central point of the black hole to emerge as a white hole in the far future at the end of the black hole’s life. Rovelli speculates our universe might not have been born at the big bang, but may have bounced out from a previously collapsing phase.

There is, as yet, no direct proof his theory is correct, but if it is, it would answer many currently unanswered questions, not least the question of how the big bang originated. It is possible the story of our universe did not begin at the big bang, but originated from an earlier contracting universe that bounced out in the same manner in which a black hole can bounce out into a white hole.

One of the scientists who originally co-proposed the inflation theory is Paul Steinhardt, Albert Einstein Professor in Science, Professor of Physics, and Director of the Princeton Center for Theoretical Science. If anyone reading this aspires to become a professor, I guarantee there can be few titles that can compare with the title of ‘Albert Einstein Professor in Science’.

Steinhardt is currently researching what has become known as the 'cyclic universe,' in which the big bang was actually a big bounce that smoothly connects an earlier phase of contraction to the present phase of contraction.

Sir Roger Penrose, who was awarded a Nobel Prize in 2020, is another scientist who believes the existing universe may have evolved from the end of one aeon and the start of another aeon in what he describes as ‘conformal cyclic cosmology’.

Anna Ijjas, the Research Group Leader at the Max Planck Institute for Gravitational Physics, has published joint papers with Steinhardt and others showing how the cyclic universe hypothesis helps explain the smoothness of the current universe.

Their theory also solves the information paradox. Physics dictates information can never be lost, but the nature of a black hole is such that it was widely thought the centre of a black hole was a singularity where space-time, and information, ceased to exist. Rovelli believes this to be incorrect. He believes there is no singularity, and that the interior of a black hole (like a bottle with a narrow neck) may be much larger than its small horizon. If he is correct, it would solve the information paradox because neither space nor information would cease to exist.

The speculation our universe will end in a black hole, and that it will bounce out again in a big bang from a white hole, leads us neatly from the future to our past. It implies our universe may not have arisen from nothing, but may have been formed from a previously existing universe.

The theory helps solve many other problems too, not least the almost universal belief there is something more to life than this physical life. Our universe may be full of information from the previous universe. Some fundamental particles in our universe may be linked to others still trapped in that previous universe. Intuition may simply be existing memories from a previous universe, and intuition that there is more to life than what we physically experience may also be based upon those links. 

It also teaches something amazing about life, and about why it has proved so hard to define.

We began this book using the definition life is a self-sustained chemical system capable of undergoing evolution. There are hundreds of definitions of life, but none have been universally accepted. The definition we have been using is, I think, as good as any. We have seen that it incorporates all the generally accepted life forms, whilst seeming to exclude all the generally accepted non-life forms.

However, during the course of this book, the definition has led us to conclusions that are not universally accepted. Viruses, for example, are sometimes considered alive and sometimes considered as dead, with heated arguments between virologists and biologists in various camps. The definition even casts doubt on the generally accepted belief that cells are essential for life.

Through the course of this book, we have seen that all living and non-living things are made from the same fundamental particles, and that there is a genetic connection between all living things. We have also seen that our lives depend upon other living things, that part of our DNA had viral origins, that the mitochondria in our cells was once a free-living bacterium, that some cells in our bodies may have originated within someone else, and that we can’t understand consciousness.

No wonder life has proved so difficult for scientists to define, and that’s without considering quantum physics.

Once quantum physics are brought into the equation, we have learnt quantum tunnelling is the means by which enzymes create every molecule in in our cells. We have also learnt quantum coherence is the best explanation we have for consciousness, and some scientists are coming to the conclusion there is a universal consciousness greater than our individual consciousness.

I will repeat the assertion I made earlier. This is a science book, not a religious book. It is entirely possible for an atheist to believe in a universal consciousness without believing in a god. If religious believers want to call that consciousness ‘God’, that is their right, but the two are not exclusive.

Your journey through the intricacies of life as you have read this book, have shown how amazing and diverse life is, but there is one more staggering conclusion.

If the big bounce theory is correct, the universe will one day end up compressed into a black hole and then bounce out of a white hole to create a new universe. 

Just as it did at the creation of our current universe, the new universe will result in the creation of a chemical system that has evolved from the previous system without any external help. That new universe, like our own that preceded it, would be a self-sustained chemical system capable of undergoing evolution. 

We have been using the above definition of life throughout the book. We found it completely suitable for describing every form of life we examined, and now we find it may describe the whole universe. Again, this is a matter of faith, not a matter of science. I cannot prove the universe is alive. It may be, but it may not be. All I can say, is that the definition of life that so perfectly explains life as we know it, can also be used to describe the universe.

Claiming the universe is alive, may explain why it has been so difficult for us to create a definition that differentiates between living and non-living things. In the same way our bodies are made up of living and non-living things, so the living and non-living things we see around us are perhaps all part of a single living universe.

I am not alone in believing the universe has qualities usually described as necessary for life. 

In his 2014 book 'The Beginning and the End: The Meaning of Life in a Cosmological Perspective’, Doctor Clement Vidal, from the Free University of Brussels, suggests there is a cosmological natural selection and cosmological artificial selection. 

If quantum physics teaches us anything about the nature of life, I believe it teaches that there is an inescapable inter-connectivity between all matter. 

Much of what has been written in the latter part of this book is conjecture about the nature of this inter-connectivity and about our place in a living universe. 

Cosmic microwave background radiation may yet reveal more about what came before the big bang and what the ultimate end of our universe will be. New and exciting observations of the whole universe are helping us understand the fundamental particles from which we are made, and new and exciting observations of those smallest fundamental particles are helping us understand the larger universe.

There has probably never been a time in our history when we have so clearly seen the strong connection between astrophysics and particle-physics. I believe there is an equally strong connection between living and non-living matter. Ultimately, there is little difference between the two. It is inherent upon us to not only to look after one another but also to care and preserve this planet on which we all depend.

Pause for thought: The definition of life that so perfectly explains life as we know it, may also be used to describe the universe.

	[image: ]
	 	[image: ]


[image: ]

NOTES

[image: ]


The Big Bang

We are all made of stardust (Carl Sagan 2011)

In 1917 Einstein solved the problem by inventing a force to counteract the force of gravity: (Einstein 1917)

In 1927 Lemaître theorised galaxies were moving away from one another: (Lemaître 1927 - French) (Lematre 1931 - English translation)

Hubble measured the speed at which galaxies were moving in relation to earth by measuring the spectrum of light and 'red shift', and discovered they were moving away: (Hubble 1929)

A joint paper detailing a mathematical model of the events at the creation of the universe: (Alpher, Bethe, and Gamow 1948)

Background interference that was ultimately discovered to be the cosmic microwave background (CMB) predicted by Alpher and Gamow: (Penzias and Wilson 1965)

The Stuff of Life

Life is a process, not a state: (Kate Jeffery, Robert Pollack, and Carlo Rovelli 2019, p.10)

Scientists still have no idea what the other nine particles are for, or why they exist. (Cham and Whiteson 2018, p.44)

At a fundamental level, there aren’t separate ‘living things’ and ‘non-living things: (Carroll, 2017, p. 12)

Almost 99% of the mass of a human body is made from only six elements: oxygen, carbon, hydrogen, nitrogen, calcium, and phosphorus: (Emsley 2011, pp.7-8)

The Cell

All cells arise by division of existing cells, and every cell living today is thought to be descended from a single ancestral cell that lived 3 or 4 billion years ago:(Morgan 2007, p.2)

Some scientists estimate there are as many of these single cell organisms in your gut as there are cells in your body, whilst others estimate there are ten times as many: (Lupp and Finlay 2005) (Zhang et al. 2015)

DNA replication is at the centre of cell division: (Hardin et al. 2012, p.551).

Mitosis is divided into four major phases: prophase, metaphase, anaphase, and telophase. (Ong and Torres 2019, p.11382)

During the anaphase, the chromosomes are pulled apart into an elongated dumbell shape to opposite ends of the cell.  (Boettcher and Barral 2013, p.163)

Whilst the nucleus and DNA should be identical within each daughter cell, the cell cytoplasm may not be exactly identical, but can vary from cell to cell depending upon the asymmetric division of the cytoplasm: (Boettcher and Barral 2013, p.160)

Human Reproduction

For the fifty thousand billion cells of an adult human body, therefore, all that is required is 45-46 cell divisions. (Barbieri 2002, p.16-17).

The zygot rapidly divides by cleavage without any growth taking place and it becomes a solid ball of smaller and smaller cells: (Gilbert, 2003, p. 221; Sadava, 2014, p. 904).

The cells of the foetus create an umbilical cord and a placenta which attaches itself to the wall of the womb: (Burton and Fowden 2015)

By the time the person is an adult in the United Kingdom their average weight is 78.1kg: (National Centre for Social Research 2016).

Helmont famously, but incorrectly, concluded the 164 pounds of wood, bark, and root arose from the water alone: (Harvey, 1929, p.543) (McCall, 1931, p. 45).

Helmont's conclusion was in error because he did not know plants absorb mineral elements from the soil and carbon dioxide from the air’: (Hershey, 1991, p. 458).

Exactly how a mixture of chemicals can spontaneously transform themselves into even a simple living organism remains one of the great outstanding challenges to science: (Davies, 2001, p. 17).

Amino Acids and Proteins

Proteins make up almost half the dry weight of our cells: (Sadler, Strain, & Caballero, 1999, p. 1646). 

Virtually everything a cell does depends upon the proteins it contains so protein can be found almost everywhere within our cells: (Hardin et al., 2012, p. 41).

Proteins are critical for the growth and replacement of living tissue: (Stinson, 2012, p. 254)

Proline, differs slightly in that it has a ring structure that includes the central carbon atom: (Russell, McMillan, and Hertz 2011, p.56). 

A complex chain of polypeptides that has attained a unique, stable, three-dimensional shape is called a protein: (Hardin et al., 2012, p. 44).

The shapes of proteins are determined by their amino acid sequences: (Cooper and Hausman 2013) (p.54-55)

Because there are 20 different amino acids found in proteins, there is a nearly infinite variety of possible protein sequences: (Hardin et al., 2012, p. 30) 

Proteins are involved in the transport of oxygen in our blood, the transmission of information between cells, the provision of anti-bodies to fight infection, and as enzymes involved in almost all our chemical reactions: (Cooper & Hausman, 2013, p. 52)

The Royal Society have described the division of labour in all living cells as being between nucleic acids transmitting instructions and proteins carrying out those instructions: (Lilley & Sutherland, 2011, p. 2854)

Amino-acids are still described as non-essential in text books: (Schwab, 2009, p. 2094)

There has been no compelling experimental evidence to support this assumption over the past century: (Wu et al., 2013, p. 1107)

Synthesis of non-essential amino acids depends upon the prior presence of essential amino acids in the diet: (Hou, Yin, and Wu 2015, p. 1002)

Non-essential amino acids are themselves essential in the diet (Hou, Yin, and Wu 2015, p. 1005).

Amino acids required for protein synthesis have to be ‘obtained from dietary sources’ (Leung, 2014, p. 148)

Some are absorbed as small peptides, but the vast majority are absorbed as single amino acids (Sadler, Strain, and Caballero 1999), pp. 1647–1652)

Every cell living today is descended from a single ancestral cell: (Morgan, 2007, p. 2)

Life has always derived from living organisms (Raulin-Cerceau 2005, pp. 16–17)

We take in inanimate substances, and those substances are eventually transformed into parts of our own living body: (Oparin, 1994, p. 45)

Defining Life

There is not a single agreed-upon definition that clearly separates things that are ‘alive’ from those that are not: (Carrol 2017, p.238). 

Barbieri and Popa have listed over 120 different definitions of life: (Barbieri 2002) (Popa 2004)

What from a certain standpoint may seem to be a living organism may from another view be regarded as a non-living system: (Jerman 2017)

At a workshop in 2003, every member of the International Society for the Study of the Origin of Life was asked to give his or her definition for life, and between them they gave 78 different answers: (Palyi et al., 2002).

Life is a self-sustained chemical system capable of undergoing Darwinian evolution: (Joyce 1994) 

It was never intended to be used outside the NASA Exobiology Program, was never written down in the program documents: (Leslie 2013)

Joyce has told me the definition was never meant to be definitive, but was merely a working definition to signpost the general direction of research: (Joyce 2017)

Even at the time the definition was created there were those within NASA who questioned whether Darwinian evolution was necessary at all: (Leslie 2013)

It is now thought many beneficial genetic variations are the result of viral activity: (Villarreal and Witzany 2020, p.21)

Some scientists have said a living cell needs to be able to sense and respond to its environment: (Cangelosi and Meschke 2014)

Viruses

Virtually every living thing is dependent on other living things, often of a microscopic nature, for its survival and reproduction (Pradeu 2016, p.85)

In scientific terms, viruses can be described as a single-stranded or double-stranded deoxyribonucleic acid (DNA), although they may also be composed of only ribonucleic acid (RNA): (Forterre, 2016, p. 100)

Some scientist argue viruses are alive, but others argue they are not alive: (Brown & Bhella, 2016)

Biologists have argued for more than one century about their living and organismal status: (Forterre, 2016, p. 100)

Professor Patrick Forterre ... has suggested the concept of ‘virus’ should include both stages, with the virus outside the cell being known as a virion, and the virus that has taken over the inside of a cell being called a virocell: (Forterre 2016, p.104)

One of the reasons Forterre has suggested the name ‘virocell’ for this phase in the life of a virus, is that the virus does more than just use the cell’s reproduction machinery, the virus itself becomes cellular. Sometimes the cells genome is completely destroyed, leaving the viral genome as the only active genome in the cell: (Forterre 2016, p.104)

They are the most numerous living things on the planet. They vastly outnumber all cellular life forms: (Villarreal and Witzany 2020, p.23)

How numerous are virions and viruses? Oceans cover over 70% of the Earth’s surface, and research indicates viral particles are up to 10 times more abundant than bacteria in the ocean. (Suttle 2007)

Over 2,284 different species of viroids and viruses have been identified: (International Committee on Taxonomy of Viruses and King 2012, p.6)

Viruses have been called the most genetically diverse biological communities on earth: (Kristensen et al., 2010, p. 11)

Some scientists believe viruses have constantly infected cells since the creation of the very first cells: (Villarreal and Witzany 2020, p.24)

Parasitic DNA now accounts for at least half of the human genome: (Villarreal and Witzany 2020, p.20)

In the introduction to the Seventh Report of the International Committee on Taxonomy of Viruses, viruses are described as ‘living organisms’ on page three, and as ‘not living organisms’ on page four: (Van Regenmortel, 2000). 

Professor Patrick Forterre, former head of the Microbiology Department at the Pasteur Institute in Paris, France, believes ‘viruses should definitely be considered as living entities: (Forterre 2010, p.157)

Plasmids

Plasmids deserve their recognition and respect as some of the simplest and most highly evolved living organisms: (Summers, 1996, Preface, p. ix)

A plasmid has the ability to replicate itself in a host cell without help apart from the use of the cell’s protein, and it can co-exist with the host chromosome: (Couturier, Bex, Bergquist, & Maas, 1988, p. 376) (Hardy, 1993, p. 1) (Day, 1982, p. 1) (Forterre 2020)

They occur naturally in nature, are usually found in bacteria, but have also been identified in archaea, fungi and a variety of higher plants: (Summers, 1996, p. 16) (Forterre 2020)

For a plasmid to persist in a population of growing cells, its replication rate must match the division rate of its host: (Summers, 1996, p. 20)

Plasmids are so similar to viruses, that a plasmid can become a virus if it acquires a gene capable of encoding a capsid, and a virus can become a plasmid if it loses a capsid encoding gene: (Forterre, 2016, p.103)

The only difference between a virus and a plasmid is the presence of a capsid gene in the viral genome but not in the plasmid genome: (Forterre, 2016, p. 106).  

There is believed to be a strong evolutionary relationship between viruses and plasmids due to past exchanges of genes, including capsid genes, in both directions: (Krupovic, 2013, p. 582)

In gene therapy or genetic vaccination, artificial plasmids are used as non-viral vectors for the transfer of therapeutic genes: (Schleef 2001, chapter 2, P.29)

Viroids

Viroids represent the border of life, since they are the 

smallest biological entities endowed with autonomous replication (Ricardo Flores et al. 2015, p.137)

Viroids were once believed to be small viruses, but it is now believed there is no structural, functional or evolutionary relationship between them: (Ricardo Flores et al. 2015, p.137)

They are made from single-stranded circular RNA, and have no protein covering (capsid): (S. B. Prusiner, 2014, p. 298)

Viroids encode no protein of their own and must utilise the proteins of the host for most biological functions: (Steger & Perreault, 2016, p.141 and p.145)

Viroids are, though, capable of autonomous replication: (Flores et al. 2015, p.137) (Gago-Zachert 2016, p.12)

It was initially believed viroids only accumulated and replicated within the nucleus of infected cells, but it has since been found they also accumulate in the chloroplast: (Diener, 2001, p. 150)

The lowest step of the biological scale: (Ricardo Flores et al., 2012, p. 1)

The smallest self-replicating genetic units known: (Ding & Itaya, 2007, p. 7)

At the frontier of life: (Diener, 2016, p. 1)

At the border of life: (R. Flores et al., 2015, p. 137)

To give you an idea of just how small they are, the RNA in viroids has been described as having lengths of between 246 and 401 nucleotides or ~250-400 nucleotides: (Diener, 2016, p. 1) (Ricardo Flores et al., 2012, p. 1)

Most human cells contain 6 billion nucleotide pairs: (National Research Council (U.S.) 1988)

Prions

Many 'things' in nature exist at the boundary between non-life and life: (Popa 2004)

In the 1960’s and 1970’s, scientists had been searching for the virus, plasmid, or viroid they believed caused a degenerative disease in the central nervous system: (Prusiner 1982, p.136)

His research concluded the scrapie agent was an infectious protein particle with a completely different molecular structure to viruses, viroids, and plasmids, and he named the infectious protein particle a ‘prion’: (Prusiner 1982, p.141)

The most contentious claim in his paper, was that a prion contained only protein and no nucleic acid, and that it infected adjacent cells without the involvement of any no nucleic acid: (Prusiner 1982, p.142)

In his autobiography, Prusiner told of his dismay and of his own initial hesitation over results indicating the scrapie agent consisted only of a protein without any nucleic acid: (S. B. Prusiner, 2014, pp. 84–85).

Prions are essentially mis-folded proteins that are incapable of performing their usual function. In the brain and spinal cord they infect adjacent proteins in such a way that the adjacent proteins become mis-folded too, and eventually the cell will die. This releases the protein to infect other nearby cells, causing an accumulation of mis-folded prion protein called plaques in the brain, or sponge-like holes in the brain: (National Health Service UK 2018)

It is now widely accepted that prions cause various degenerative diseases including Creutzfeldt-Jakob disease, scrapie, bovine spongiform encephalopathy and chronic wasting disease: (Watts & Prusiner, 2014, p. 19841).

There is also increasing evidence that prions may also be responsible, or partly responsible, within humans for Alzheimer's Disease and Parkinson's Disease: (S. B. Prusiner, 2013, p. 613); (Watts & Prusiner, 2014, p. 19845)

Whenever a non-infected prion protein comes into contact with an infected prion protein the non-infected one becomes infected: (Victoria et al. 2016, p. 1); (Watts & Prusiner, 2014, p. 19841).

How prions spread between cells of the central nervous system is the great, still-unanswered question: (S. B. Prusiner, 2014, p. 170). 

It has been suggested that prions propagate by acting as a template or a seed that recruits: (Collinge, 2016, p. 217)

The normal, cellular form of prion protein is converted into the disease-causing form by an as yet undefined process: (S. B. Prusiner, 2014, p. 293).  

Artificial Life - Biological

The cell was able to replicate using the synthesised genome, and the cells formed a colony of a previously unknown life-form: (Gibson et al., 2010, p.56)

The cell wall, and the cytoplasm, were the originals natural had provided, and only the genome had been replaced: (Gibson et al., 2010, p. 55)

The J. Craig Venter Institute pointed out they had not created new life from scratch, but had created new life out of an already existing life: (J. Craig Venter Institute n.d.) 

The aim of the Institute is to understand the molecular and biological function of every gene essential for life: (Hutchison et al. 2016, p.6253-1)

The long term aim of the Institute is to produce a cell with new and improved biological functions that do not already exist in nature: (Glass n.d.)

There is still not a single self-replicating cell in which they understand the function of every one of its genes: (Glass n.d.)

Another milestone was achieved in 2016, when the Institute again used a bacterium, to which they added synthetic DNA of only 473 genes to create the first minimal synthetic bacterial cell: (Hutchison et al. 2016, p.6253-1)

Attempts to create an artificial cell itself have failed so far: (Caschera & Noireaux, 2014, p. 86)

Scientists have been unable to artificially create cell walls capable of sensing their environment and letting nutrients through whilst stopping harmful things from entering, or of allowing waste products to leave whilst preventing vital content from escaping: (Caschera & Noireaux, 2014, p. 87).

Artificial Life - Mechanical

Von Neuman showed it was possible, in theory, and in 1981 Frank J Tipler, associate professor of mathematical physics at Tulane University in New Orleans, USA, suggested building what he called a Von Neuman machine. A self-replicating space probe capable of reaching every star in the galaxy: (Tipler 1981)

NASA was also thinking along the same lines, and in 1980 they proposed a 20 year program with the aim of creating a 100 ton building on the moon which would process raw materials mined from the lunar surface into the parts required to extend itself: (Freitas, Jr & Gilbreath, 1982, p. 77)

Self-replicating machines, of a sort, are already exist in the form of 3D printers capable of printing all the parts necessary for the creation of another identical 3D printer: (Jones et al., 2011)

True self-replicating machine would be able to make a direct copy of itself from raw materials without assistance, but as yet, no artificial self-reproducing machine has been made: (Jones et al., 2011, p. 3)

Scientists have identified 137 different design properties required before such a machine could be built: (Freitas & Merkle, 2004, p. 5.1.9)

Researchers from the Robot Baby Project at Vrije University, Amsterdam, have created two robots to prove the concept that robots can evolve and reproduce: (Eiben, 2015, p. 11)

The plastic used by the 3D printer still had to be supplied by hand, and in most cases the printed parts still had to be assembled by hand: (Eiben, 2015, p. 14).

Scientists believe the creation of a von Neumann Probe is still well beyond our current capabilities: (Kowald, 2015, p. 383)

Hybrids and Chimera

There are rare examples of female mules giving birth: (Rong et al. 1985)

Chimera, on the other hand, have their own cells complete with their own DNA, but they also have other cells containing other DNA: (Schweizer & Bernhard, 2009, p. 711) (Bader, Schreiner, & Wolf, 2009, p. 22)

All recipients of transfusions or organ transplants are chimeric: (Bader, Schreiner, and Wolf 2009, p. 27)

Maternal cells not only sometimes manage to circulate within a foetus, but have also been found in up to 40% of adults: (Maloney et al. 1999, p. 46)

It is now known that complete cells from their baby may remain in the mother’s body for a considerable time, possibly in some cases for the rest of her life, after she has given birth: (Martin 2010)

Inter-species chimera (where the different cells are from different species) do not usually occur naturally: (Bader, Schreiner, and Wolf 2009, p. 28)

Some inter-species chimera have been successfully developed during animal breeding and stem-cell research: (Fehilly, Willadsen, & Tucker, 1984, p. 635).

This type of research creates potential ethical, legal and philosophical problems to which there is no consensus, and each country has its own well documented ethical and legal regulations: (Taupitz & Weschka, 2009)

Smorgasbord

Life can be better described as a collaborative enterprise: (Dupré & O’malley, 2009, p. 2).  

Mitochondria is so integrated that it can no longer live outside the cell and we can no longer live without it: (Dupré & O’malley, 2009, pp. 5–6).

It is now believed complete cells from their baby may remain in the mother’s body for a considerable time, possibly in some cases for the rest of her life, after she has given birth: (Martin 2010)

There are far more bacteria in your body than your own cells. It is not simply that the bacteria are inside of you. They are an integral part of you, you cannot live without them and they cannot live without you. They are not just ‘in’ you, but are ‘part’ of you: (Pradeu 2010, p.259-260)

No living organism is ever completely endogenously constructed: (Pradeu 2010, p.259).

Some amoeba may be infected by a bacteria and large virus, and the large virus may itself be infected by a smaller virus. So that single celled amoeba is actually comprised of four different organisms, and four different sets of genetic information: (Forterre, 2016, p.105).

How Life First Began

No real unification in biology is possible without a new logic of life: (Barbieri 2002, p.65)

Scientists supporting the ‘RNA world’ hypothesis have failed to discover self-replicating RNA: (Al-Khalili & McFadden, 2015, p. 347) 

Nothing living has ever been made by humans entirely from non-living materials: (Al-Khalili & McFadden, 2015, p. 46). 

Many biologists speculate there must have been some form of precellular life: (Lal 2008, p.269)

Scientists can now build chemically synthesised DNA and add it to a cell that has been emptied of its own DNA: (Hutchison et al. 2016)

Attempts to create the cell artificially have failed due to the complexity of the cell wall: (Caschera and Noireaux 2014)

Associate professor Bernard Piette from Durham University in the UK, and Professor Jonathan Heddle from Jagiellonian University in Krakow, Poland, published a joint research paper in 2020 in which they concluded the first cellular life must have evolved from simple pre-cellular molecular self-replicators: (Piette and Heddle 2020)

Marcello Barbieri is an Italian theoretical biologist and professor of embryology at the University of Ferrara whose whole scientific work has been dedicated to the search for the fundamentals of life: (Barbieri n.d.)

Barbieri first outlined his Ribotype Theory on the origin of life in a research paper published in the Journal of Theoretical Biology in 1981: (Barbieri 1981)

Barbieri’s theory bridges that gap. Instead of a bipartite system of genotype and phenotype, he proposed a tripartite system of genes, protein and pre-existing ribosoids: (Barbieri 1981, p.276)

As software alone cannot create hardware, and as hardware alone cannot create software, the robots eventually concluded the thing that created them must have existed before the hardware and software: (Barbieri 1981, p.599)

Barbieri suggests the earliest form of evolution took place within ribosomes at a pre-cellular level: (Barbieri 1981, p.586)

Self-replicating systems are orientated towards the synthesis of their own component, but quasi-replicating systems synthesize a wide range of components: (Barbieri 1981, p.597)

Is There Life in Space?

During the second century a Greek writer wrote a novel about all the different creatures he imagined on the Moon, and wrote about their supposed war with creatures on the Sun: (Lucian of Samosata 1820, pp.79-100)

The Search for Extraterrestrial Intelligence Institute (the SETI Institute) in California began operating in 1984 with only two employees. Now, it employs around 100 scientists: (‘About the SETI Institute’ n.d.)

Others have argued that we are the only intelligent species existing in this galaxy: (Tipler 1981, p.9)

The most recent estimate for the number of habitable Earth like planets in our own Milky Way galaxy is a staggering 5 billion: (Bryson et al. 2020) (Beull 2020)

If there are a million technical civilizations in a galaxy of some 200 billion stars, we would need to turn our receivers onto 200,000 stars before we have a fair statistical chance of detecting a single extra-terrestrial message: (Drake and Sagan 1997)

During 2018 a cigar shaped asteroid passed through our solar system: (Shostak 2018)

Of even more interest was the signal picked up by a radiotelescope in Australia in 2020: (Franck M 2020) 

Those who believe there is no other intelligent life in space argue that they would have visited us by now if there was: (Tipler 1981, p.9)

Quantum Mechanics

Life, we believe, depends upon quantum mechanics: (Al-Khalili and McFadden 2015, p.423) 

Max Planck, Albert Einstein, Ernest Rutherford, Niels Bohr, Louis de Broglie, Wolfgang Pauli, Werner Heisenberg and Erwin Schrödinger were all awarded a Nobel Prize: (The Nobel Prize in Physics, n.d.)

Nobody understands quantum mechanics: (Richard Feynman 1964)

During the process known as quantum tunnelling the wave packet also appear to pass through them faster than the speed of light: (Hartman 1962) (Sainadh et al. 2019) (Ramos et al. 2020)

Einstein described quantum entanglement as spooky action at a distance: (Einstein, Podolsky, and Rosen 1935)

Quantum entanglement 'allows particles that were once together to remain in instant, almost magical, communication with each other, despite being separated by huge distances.  For example, particles that were once close but are later separated so far apart as to be located at opposite sides of the universe can, in principle at least, still be connected.  In effect, prodding one particle would prompt its distant partner to jump instantaneously' (Al-Khalili and McFadden 2015, p.30-31).

In 2017 scientists were able to demonstrate two photon particles, one on earth and one in an orbiting satellite, were entangled despite being 747 miles or 1,200 km apart: (Liao et al. 2017)

The many worlds interpretation states many worlds exist in parallel in the same space and time: (Gribbin 2020)

A small but growing number of scientists insist aspects of quantum mechanics play a crucial role in the phenomenon of life: (Al-Khalili and McFadden 2015, p.41)

Enzymes have made and unmade every single biomolecule inside every living cell that lives or has ever lived, and as enzymes work through quantum tunnelling, life itself depends upon quantum mechanics: (Al-Khalili and McFadden 2015, p.137-138)

Consciousness

The biological systems that are our brains have somehow contrived to harness the details of a physics that is yet unknown to human physicists! (Penrose 1995, p.373).

Some arrangement of particles (such as your brain) do feel conscious while others (such as your pillow) do not: (Tegmark 2015, p.2)

In a large experiment in 2014, patients were interviewed after surviving cardiac arrest: (Parnia et al. 2014)

Present-day physics and chemistry could not possibly account for what happens in space and time within a living organism (Schrödinger 1944, Chapter 1)

Every single cell contains a 'cosmical' number of single atoms of every kind: (Schrödinger 1944, Chapter 2)

Quantum mechanics is the first theoretical aspect which accounts from first principles for all kinds of aggregates of atoms actually encountered in Nature: (Schrödinger 1944, Chapter 4)

Living matter, while not eluding the 'laws of physics' as established up to date, is likely to involve 'other laws of physics' hitherto unknown: (Schrödinger 1944, Chapter 6)

What is the characteristic feature of life? When is a piece of matter said to be alive? When it goes on 'doing something', moving, exchanging material with its environment, and so forth, and that for a much longer period than we would expect of an inanimate piece of matter to 'keep going' under similar circumstances: (Schrödinger 1944, Chapter 6)

From all we have learnt about the structure of living matter, we must be prepared to find it working in a manner that cannot be reduced to the ordinary laws of physics: (Schrödinger 1944, Chapter 7)

Every cell harbours just one of them (or two, if we bear in mind diploidy). Since we know the power this tiny central office has in the isolated cell, do they not resemble stations of local government dispersed through the body, communicating with each other with great ease, thanks to the code that is common to all of them?: (Schrödinger 1944, Chapter 7)

Consciousness is never experienced in the plural, only in the singular: (Schrödinger 1944, Epilogue)

Schrödinger concludes that what appears to be our own individual consciousness is actually our own viewpoint of a single consciousness, and “what seems to be a plurality is merely a series of different personality aspects of this one thing: (Schrödinger 1944, Epilogue)

There is yet no physical, biological, or computational theory that comes very close to explaining our consciousness: (Penrose 1995, p.8)

An affect that does not fall off with distance ... an effect that is quite oblivious not only of space separation but also of time separation: (Penrose 1995, p.294)

so long as these entanglements persist, one cannot, strictly speaking, consider any object in the universe as something on its own:(Penrose 1995, P.299-300)

The unity of a single mind can arise ... only if there is some form of quantum coherence extending across at least an appreciable part of the entire brain: (Penrose 1995, p.372)

For physics to be able to accommodate something that is as foreign to our current physical picture as is the phenomenon of consciousness, we must expect a profound change – one that alters the very underpinning of our philosophical viewpoint as to the nature of reality ... I find myself believing strongly that, on this planet, consciousness is not restricted to human beings: (Penrose 1995, p.406-407)

Whatever the ultimate nature of reality may turn out to be, it’s completely different from how it seems: (Tegmark n.d. https://space.mit.edu/home/tegmark/crazy.html)

Consciousness has been described as the last bastion that still has to be captured by physics (Tegmark 2020)

Wherever entangled variables are in the universe ... forms a basis for the possibility of cosmic minds: (Kauffman 2016, p.41).

Mind and matter interact in the becoming of the universe: (Kauffman 2016, p.42).

Something like cosmic mind or a set of minds, among entangled quantum variables, is plausible: (Kauffman 2016, p.42)

Given the big bang and inflation, there may be very large sets of entangled quantum variables highly dispersed in the universe (or multiverse?), each a cosmic mind. No one knows how stable these may be, for entanglement can break and reform: (Kauffman 2016, p.43).

What is Death

Technical advances made the cardiopulmonary definition of death untenable, and it has been replaced by brain death, a total and irreversible cessation of brain function which is far more difficult to identify than the absence of a heartbeat or respiration: (Youngner, Arnold, and Schapiro 1999)

An experiment in 2019 involving a severed pigs head from a meatpacking plant, showed that not to be the case. Four hours after the pig had been decapitated, scientists from the Yale School of Medicine connected the brain to a specially formulated solution and observed many basic cellular functions taking place within the brain: (Vrselja et al. 2019)

Defining death in single cell bacteria in which no metabolism takes place and which are unable to reproduce, is difficult. Opinion is split whether such bacteria are dead, or whether their lack of metabolism and reproduction is a strategy to survive long periods of starvation: (Nyström 2001)

The distinction between life and death was problematical in microbes. The route from 'life' to 'death' contained many steps, and the moment of death was far from easy to define: (Davey 2011, p.5571, 5573) 

Organisms can be alive even if their constituent atoms are not: (Carroll, 2017, p. 97). 

Many people who have had a hemispherectomy operation have no adverse consequences and are only distinguishable from their former selves by their lack of seizures: (Kliemann et al. 2019)

Life After Death

Life we will argue, lives on the quantum edge: (Al-Khalili and McFadden 2015, p.46)

Research in 230 countries estimated 84% of the world’s population are still affiliated to an established religious group: (Pew Forum and Pew Research Center 2012)

Research has estimated only 7% of the global population claims to not believe in a god, or gods: (Keysar and Navarro-Rivera 2013) (Zuckerman 2006)

Students who had been told about the ghost, even those who had previously explicitly declared their belief consciousness ceases at death, displayed significantly more stress, and reported being significantly more afraid: (Alogna et al. 2019, p.60)

Researchers recorded increased stress levels when the atheists read statements daring God to do something harmful, and their involuntary reactions were contrary to their stated belief: (Lindeman et al. 2014)

Findings of disconnect between reason and intuition were seen in a 2000 experiment where students were offered money in exchange for signing a piece of paper in which they sold their soul to the researcher: (Björklund, Haidt, and Murphy 2000)

Quantum aspects of the living ... may persist after death: (Kauffman 2016, p.36) 

What is death? ... independent and entangled quantum variables ... might escape the body and pass into space as entangled sets of variables: (Kauffman 2016, p.45)

I am in my Father, and you are in me, and I am in you: (The Holy Bible: NIV: New International Version. 2011, John, Chapter 14:21). 

The Jewish Kohelet (Ecclesiastes) says ‘the dust returns to the earth as it was, and the spirit returns to God, who gave it’: (Kohelet - Ecclesiastes - Chapter 12)

The Qur’an says we will be raised after death “in the form of which you have not the slightest knowledge”: (Farid 2016, Qur'an, Surah Al-Waqiah, 56:61) 

The soul is unbreakable and incombustible; it can neither be dampened nor dried. It is everlasting, in all places, unalterable, immutable, and primordial: (Bhagavad Gita, Chapter 2, verse 24)

Buddhism has long argued for the tremendous potential for transformation that exists naturally in the human mind: (Lama, The 14th Dalai, 2005) 

Sikhs believe the soul has to live through five stages. The final stage, the stage of truth where God lives, is the final state of the evolution of consciousness. One of their most famous passages of scripture ends with the phrase ‘God is within you’: (‘Guide to Discover Sikhism’ n.d.) 

The soul, after its separation from the body, will continue to progress until it attains the presence of God. ... The nature of the soul after death can never be described. ... The world beyond is as different from this world as this world is different from that of the child while still in the womb of its mother: (Bahá'u’lláh 1990, pp.155-157) 

The many worlds interpretation was originally devised by the physicist Hugh Everett in the 1950's and implies there may be an infinite number of universes, where every possible outcome is realised. Everett's vision is that there is only a single wave function for the whole universe, and when one event happens in our world the other possibilities of the wave function continue in new worlds where each probability becomes a reality: (Carroll 2019) 

The theory is perhaps best summed up by the title of the book co-authored by Professor Brian Cox and Professor Jeffrey Forshaw, of Manchester University, ‘The Quantum Universe: Everything that can happen does happen’: (Cox and Forshaw 2012) 

Every electron in the universe knows about the state of every other electron, every proton knows about every other proton, every neutron knows about every other neutron, and there is an intimacy between the particles that make up our universe that extends across the entire universe: (Cox & Forshaw, 2012, pp. 139–140)

The electron remains a single particle composed of the quasiparticle of a spinion (spin), orbiton (orbit), and holon (charge), which may separate and move separately: (Paul Scherrer Institute 2012) (Merali 2012) (Freulon et al. 2015) 

The latest progress appears to have been made in 2019 when scientists discovered information in old black holes may be accessible via wormholes within spacetime: (Musser 2020) (Penington et al. 2020) (Almheiri et al. 2020)

Purpose of Life

A person is a diminutive, ephemeral thing, standing smaller in comparison with the universe than a single atom stands in comparison with the Earth: (Carroll, 2017, p. 2). 

In 1904 Hantaro Nagaoka defined an image of electrons spinning around a nucleus in a similar manner to which Saturn’s rings spin around Saturn: (Nagaoka, 1904, pp. 445–455). 

The size of a hydrogen nucleus is about 10-15 m: (Povh, Rith, Scholz, Zetsche, & Rodejohann, 2015, p. 6) 

In size it is about 10-15 m: (Povh, Rith, Scholz, Zetsche, & Rodejohann, 2015, p. 6). 

The H-O bond length is about 10-9 m: (Hille, 2001, p. 333) 

The average height of an adult living in England is 168.6cm: (National Centre for Social Research, 2016) 

The nucleus of this atom is around .25 nm away: (Bagchi, 2013, p. 4) 

The opposite wall of the membrane would be between 20 and 40 nm away: (Berrios, 1998, p. 4). 

Water molecules make large jumps and rotate every two to three picoseconds as they continually break and reform their hydrogen bonds: (Bagchi, 2013, Chapter 3).

A person is a diminutive, ephemeral thing, standing smaller in comparison with the universe than a single atom stands in comparison with the Earth: (Carroll, 2017, p. 2). 

It is only an accident of our relative size, longevity, and perceptual acuity that we can see the distances between the organisms that comprise a species but not the even greater relative distances that separate the atoms that make up an organism: (Hull, 1980, p. 313).

There are about 20 trillion nucleated cells in an adult human, but we know surprisingly little about them and not all of them have yet been categorised: (Regev et al. 2017)

End of the Universe

Just as human beings, planets and stars are born, live their lives and die, so the universe also lives its life in distinct stages: (Cox, Cohen, and BBC, p.224)

Many black holes have been found since, but it was 2019 before the Event Horizon Telescope finally managed to provide direct visible proof by photographing one: (Banks 2019)

Professor Carlo Rovelli ... one of the founders of loop quantum gravity theory, believes the content of a black hole can be compressed into the density of a Plank star, but no more: (Rovelli 2018) 

Things can only travel one way within a black hole, so instead of bouncing back the way it arrived, it bounces past the central point of the black hole to emerge as a white hole in the far future at the end of the life of the black hole: (Rovelli 2018) (Rovelli 2020)

Perhaps the story of our universe did not begin at the big bang, but originated from an earlier contracting universe that bounced out in the same manner in which a black hole can bounce out into a white hole: (Rovelli 2018) (Rovelli 2020)

Quantum entanglement is an effect that does not fall off with distance but which seems to be an effect oblivious not only of space separation but also of time separation: (Penrose, 1995, p. 294) 

Particles that were once close but later separated so far apart as to be located at opposite sides of the universe, can still be connected: (Al-Khalili & McFadden, 2015, p. 31). 

There are various theories about what the universe will do next: (Cox, Cohen, and British Broadcasting Corporation 2011)

Rovelli speculates our universe might not have been born at the big bang, but may have bounced out from a previously collapsing phase: (Rovelli 2018, p.33) 

Steinhardt is currently researching what has become known as the 'cyclic universe,' in which the big bang was actually a big bounce that smoothly connects an earlier phase of contraction to the present phase of contraction: (‘Research on Bouncing Cosmology | Paul J. Steinhardt’ n.d.)

Penrose also believes the existing universe may have evolved from the end of one aeon and the start of another aeon in what he describes as ‘conformal cyclic cosmology:(Penrose, 2014).

Anna Ijjas is the Research Group Leader at the Max Planck Institute for Gravitational Physics, and she has published joint papers with Steinhardt and others showing how the cyclic universe hypothesis helps explain the smoothness of the current universe: (Ijjas et al. 2020)

The interior of a black hole (like a bottle with a narrow neck) may be much larger than its small horizon, and that neither space-time nor information cease to exist: (Rovelli 2018, p.32)

In his book 'The Beginning and the End: The Meaning of Life in a Cosmological Perspective, Vidal suggests there is a cosmological natural selection and cosmological artificial selection: (Vidal 2014, Chapter 8)
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        I know 'I' am conscious, but what is consciousness anyway, and who or what am 'I'.
This book is about phenomenal, or subjective, consciousness, the inner world of my thoughts, feelings, and emotions. It is about what it feels like to be 'me'.
Consciousness makes 'me' unique from all the other people in the world. It is the sum of everything I can remember and can call to mind, everything I am currently experiencing and thinking about, and all the things that make me feel what it feels like to be 'me'.
When it comes to consciousness, there is nothing to see and little to examine. The only consciousness we can examine in real depth over a prolonged period of time is our own, and even our own consciousness is a mystery to us.
Philosophers, neuroscientists, psychologists and others have all failed to agree on what consciousness is, where it can be found, or even what it takes to be conscious. That hasn't prevented a plethora of theories, none of which have achieved universal scientific acceptance, and most of which are examined in this book.
At the end of the book, the author tackles the thorny question of what happens to our consciousness after death, and points out that whether we believe consciousness transcends death depends entirely upon which theory of consciousness we believe.
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