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For Tamar, for life







And now we rise 
And we are everywhere


NICK DRAKE, “From the Morning”






PROLOGUE

Q: Hello, hello, hello, what’s all this, then?

A: A book about microbes.

Q: Come again?

A: Microbes. Microorganisms. Germs. Bugs. Very small living things.

Q: Oh, God, is that the time? Sorry, must rush . . .

A: Oh no you don’t. . . . Now stop squirming, will you? It’s quite a good book.

Q: It’s full of science, isn’t it? With graphs and whatnot?

A: No graphs.

Q: How about charts?

A: Nope.

Q: Equations?

A: No. Oh, sorry, there is one, actually. It’s 1 + 1. And I got the answer wrong.

Q: Footnotes?

A: Dozens. I can’t get rid of the blasted things. They’re like textual parasites, popping up all over the place. Anyway, they’re not the usual sort. You’ll see.

Q: Any numbers at all?

A: Here and there. A few largish ones lurk at the end of Chapter 1. But don’t worry; they’re well trained.

Q: It’s a book about germs, you say?

A: Yes.

Q: I saw this film where . . .

A: Wait. Don’t tell me—the human race is nearly wiped out by a genetically engineered virus that escapes from the lab and either kills everyone or turns them into zombies? I’m still waiting for a film in which the virus is tall, brave, handsome, and witty and gets the girl at the end. That would be something to watch. In any case, both scenarios are about equally realistic.

Q: But is the book all about a whole lot of horrible diseases?

A: Not at all. Diseases get an honorable mention, of course, but I’ve tried to leave sufficient room for other important stuff, like sex, burping sheep, politics, slimy gunk, rocket fuel, genes, futuristics, and computers. Also, for some reason, frogs. They’re constantly underfoot.

Q: Are there any helpful health tips inside?

A: One or two. More if you’re a cow.

Q: Any useful information at all?

A: There’s some bad investment advice in Chapter 3, if that helps any.

Q: So why should I read it?

A: Because otherwise you’ll never know.

Q: Right. What happens now?

A: I untie you, and we begin. We start off with one of the most puzzling, inexplicable, and complex phenomena known to humankind.

Q: The origin of life?

A: Major-league baseball.






CHAPTER 1

Bugs on Display

Here is an excerpt from a New York Times sports section of June 2008: “The Twins scratched a run in the second, then tied it in the third thanks to an error by Pettitte, who threw the ball into the Twins’ bullpen trying to pick off Carlos Gómez at first base. Gómez scored on Alexi Casilla’s safety-squeeze bunt single.”

Unfortunately for me, I don’t know much about baseball, so I don’t have a clear idea of what’s going on. How do you scratch runs? Does it require special equipment? What’s a squeeze bunt? Who’s squeezing whose bunt? Is it considered a naughty thing to do? What are twins doing in a bullpen? How many bulls, if any, are in there with them?

It’s no use. If I want to appreciate baseball, I have to sit down with someone who’ll explain what’s going on, first. It’s the same with just about anything from hot rods to quantum mechanics: If you really want to get it, you need to speak a bit of the language and understand a few of the rules; otherwise, it just seems like a whole lot of running around.1


Understanding jargon isn’t a mark of intelligence or ability; it’s just a matter of becoming familiar with the subject. Case in point:   My favorite pastime in a supermarket line is to try to figure out what the tabloid headlines mean, without peeking inside.2 Not Nobel Prize-winning stuff, you’d think, but it can be quite a puzzle if I haven’t been keeping track of current events in the celebrity sector.

The jargon barrier is a simple-enough principle, but we tend to forget it. Professionals of every kind use special terminology that sounds very impressive to the outsider, but is usually nothing more than shorthand for something that could be understood by anyone, given a little time and a dictionary.

I want to tell you a few stories about microbes, but I have a problem: If I go into detailed and rigorous explanations of biological terms and ideas, it would take a lot of time and paper, this book would become a textbook, and I’d lose you. On the other hand, if I just start yapping on about sigma factors and siRNA, you might decide to tell me to get lost.

I don’t want to turn you into a microbiologist; being a microbiologist is what microbiologists were put on this Earth for. So I’ve opted for the middle path: a quick run-through of some of the basics, names, and principles of biology. If you want to know more, have a look at the Further Reading section at the back of the book and, if you get lost along the way, be sure to refer to the glossary.




What Is a Microbe, Anyway?

Almost everyone knows the cycle of life by heart: Plants get energy from the Sun and nutrients from the soil, animals eat plants and each other and then die, microbes break down dead animals and plants into nutrients, and then it starts again.

But what exactly is a microbe? A microbe is a general name for any creature that is, individually, too small to be seen with the unaided eye. This definition is very old and very loose, so it embraces a lot of different sorts of creatures: bacteria (the group we commonly think of when we say “germ”), archaea (superficially resembling bacteria but recently found to be quite different in many respects), fungi (from yeast to mushrooms), and protists (this group includes primitive algae, amoebas, slime molds, and protozoa). Viruses are microbes, too, but we’ll save for later the juicy question of whether they’re truly alive or not.

These groups are as different from one another as we are from them—usually even more. From a microbe’s point of view, you are virtually identical to, say, a flea because you and the flea share many processes and structures that the microbe doesn’t. This is why an antibiotic can kill bacteria, but not people (or fleas): It jams a process that is unique to bacteria. This is also why antibiotics don’t work on viruses, which aren’t remotely like bacteria (which means that taking penicillin for your flu is useless); nor do they work on fungi, which have their own distinctive way of doing things, and which we need to develop special antifungal drugs to deal with.

A microbe is a single-celled creature. You and the flea are composed of many different types of cells that hold themselves together and depend on each other for survival: Your brain cells are useless without your liver, muscle, and heart cells, for example. A single microbial cell, however, is an independent creature that can survive and reproduce without help from other cells.3


Microbes are also rather teensy. Your average Escherichia coli (E. coli) cell is about two micrometers long, which means that it would   take about 50,000 cells back to back (and a lot of convincing) to circle your little finger.4 A typical virus is ten to a thousand times smaller than that, which means, proportionally, if a virus were the size of a tennis ball, you’d be big enough to lie down with your feet in San Diego and your head crushing the Golden Gate Bridge.

There’s much yet to learn about microbes, including how prevalent they are, how intimately we are involved with them, and how much we rely on them for sustaining life on Earth.

I’ll try not to hammer on too much about how grateful we should be to microbes for our continued survival. (Well, why should we? It’s not as if they’re doing it out of the goodness of their hearts, which they haven’t got.) To be evenhanded, I’ll also try to minimize any unnecessary preoccupation with disease and death. While I won’t hesitate to delve into gruesome tales (some of which you’ll dearly wish were fiction), it seems to me that the numerous harmful interactions between microbes and humans have received enough attention as it is; nonetheless, if you particularly relish matters of doom and gloom, refer to the Further Reading section for a few excellent books on that sort of thing.

Are you still lying there between San Diego and San Francisco? Come on, get up. We’ve got work to do. We need to take a bit of a hop backwards to look at the basic makeup of all living things, microbes included.




What You’ll Wish I Hadn’t Told You About DNA

Life on Earth began several billion years ago. We don’t know exactly how, but current understanding is that it started with a molecule   floating in the ocean.5 There were many kinds of molecules floating around, but this one was the first to have a special quality: It could collect material from its surroundings and use it to make a copy of itself. This copy would then make other copies, and so on. Pretty soon, there were a lot of these copiers around, copying away. Because they weren’t perfect copiers, variations would sometimes appear in the new copy. If a random change occurred to make the molecule copy itself more quickly or efficiently, its copies would spread faster than the others.6


We don’t know what the original copiers looked like, but it seems like a safe bet that they were similar to a type of molecule we call RNA (ribonucleic acid). This molecule, together with a very similar type of molecule called DNA (deoxyribonucleic acid), is responsible for very nearly all the things we refer to as living.7


DNA, DNA . . . we hear about it so often: Its famed double-helix structure has become a familiar design motif, and its name is now tossed around in everyday conversation. So why all the fuss?

Simply, it’s because DNA is the cornerstone for every living thing: All organisms are made up of either one or many cells, and each cell contains DNA molecules, which comprise the cell’s repository of information. If you’re wondering, pure DNA looks and feels like cloudy   white snot. You’d think this wondrous material should be some sort of golden, shimmering filament, but nature doesn’t give a hoot about our aesthetic sensibilities.

When we refer to DNA, we usually talk about its sequence. Just as low-level computer code is made up of a string of ones and zeros, a DNA molecule encodes information using a genetic code that is made up of a string of four alternative bases: A, T, G, and C (adenine, thymine, guanine, and cytosine). A DNA sequence looks something like this, when written down on paper: . . . ATTTGCAGTT-TACCCGTG . . . To us, this is as meaningless as binary code, 000101010000100, but the cell’s mechanisms know how to read it.

The total genetic information encoded in these sequences is called the genome. It’s important to understand that there are a lot of different kinds of information in a genome. There are bits that tell other bits how and when to work, bits that point to other bits, and bits whose function, if there is one, we don’t know yet. The most straightforward bits, however, are called genes.

Gene: another popular word that’s bandied about all over the place. Mercifully, we encounter far fewer misleading ideas about genes in the media nowadays (for example, the notion that you can have “a gene for” complex traits like aggressiveness, depression, or fashion sense), but there’s still a lot of creative misunderstanding of the concept. Part of the problem is that even biologists have differing definitions of the term. The most popular include “a hereditary unit,” which is useful for theoretical evolutionary studies, and the more hands-on explanation, which lab people favor: “a DNA sequence responsible for making a functional product.” No definition is the correct one, because people who didn’t know, and couldn’t possibly have known, what DNA was (or how it worked) coined the term way back in the nineteenth century. Sixty years later, the theoretical concept  suddenly became a physical reality—something you could actually see and touch (if you enjoy handling snot, of course).

So a microbe is a single cell, a cell contains a genome, and genomes are made up of genes (and some other stuff). Now for the part you’ve all been waiting for: reproduction.

DNA is packed as two complementary strands in a cell. This enables the cell to create two copies of its genome when it divides, so that each new copy of the cell (the “daughter cell”) gets a complete copy of the information it needs to function.

In a bacterial or archaeal cell, the bulk of the DNA is contained in one circular molecule called a chromosome. In fungi, protists, and most multicellular organisms, we find more than one chromosome. A human cell contains twenty-three different kinds of chromosomes with two copies of each kind, because humans reproduce sexually, and sexual reproduction is all about the offspring receiving one copy of each chromosome from each parent. Microbes, on the other hand, reproduce asexually: The microbial cell makes a copy of its genome, divides itself in two (so that each half receives one whole copy), and both halves start growing again. Cycle completed. No arguing about which parent the kid looks like, or whose nose she got.




The Music of the Genes

Genes, by themselves, don’t do anything; rather, they’re instructions for doing things. A genome floats around by itself, doing nothing, until another component of the cell (an enzyme called RNA polymerase) grabs it and “reads” a certain gene off it, running over that particular stretch of DNA to produce a copy, or transcript, of that gene (or multiple copies, in some cases). It’s a bit like what would happen if you took a lengthy instruction book and photocopied just  the one page relevant to the specific product you needed; if you needed many workers to use the page at once, you might then make multiple copies.

An intricate apparatus called a ribosome then uses the RNA transcript to create a protein molecule.8 Which protein molecule? It depends on the gene that’s being read.

Proteins are a very large category of molecule. There are countless types of proteins, and they do an astounding variety of things. If a cell were a house needing to be built, proteins would be the tools, the craftsmen, and the building materials.

The “building materials” are called structural proteins (good examples of these are the actin and tubulin fibers that prevent our cells from collapsing into themselves, and keratin, which makes up our hair and nails), and the “craftsmen and tools” are called enzymes. Every type of enzyme is able to do one specific thing: They attach themselves to a specific target molecule, or substrate, and then act on it in some way, either by cutting it, joining it, or modifying it.9 Digest food? Enzymes. Move a muscle? Enzymes. Think? Enzymes.

Another category of protein moves stuff around. They latch on to a target molecule and then either move the molecule from place to place (transport proteins), or just signal to the cell that they have caught and identified a particular molecule (receptors).

Proteins can also act as the signals themselves—hormones (for example, insulin) are a well-known class of these signal proteins.10


It’s very important at this point to emphasize that a cell doesn’t just read its entire genome from start to finish and churn out all the proteins that the genes encode. Nearly every cell in your body has a complete set of genes, but they don’t use them all. Your skin cells don’t produce liver enzymes, and your liver cells don’t try to become muscles. There are very elegant regulatory mechanisms in place to make sure that each cell expresses only those proteins (and only the correct amounts of each protein) that it should. If all proteins were expressed at once, it would be a chaotic jumble—like the meaningless din that you create (rather than music) when you hit all the keys on a piano at the same time.

Remember the oft-quoted scientific fact that says that humans share 98 percent of their genes with chimpanzees? Although it seems to suggest how alike the two species are, that’s not quite the case. True, we share a lot of genetic information with our chimpy cousins, but it’s read and used in very different ways (the growth of body hair springs to mind). As usual, it’s not what you have that really matters: It’s what you do with it.

The microbial cell works much the same way. Because it’s single-celled and does everything by itself, it does use its genome quite comprehensively—but not all at once. It can sense its surroundings and react to them, produce enzymes that break down a particular nutrient when that nutrient is around, and switch to different enzymes if there’s another, better nutrient to be used. If it’s hot, it manufactures proteins that help cope with heat (disappointingly, they don’t look like tiny electric fans), and it disassembles and recycles these when it cools down again.

If we combine all this together, we can visualize what a living cell looks like: There is a genome (a very long DNA molecule), which is being manipulated by regulatory proteins and RNA polymerase in  order to churn out shortish RNA sequences. These sequences go out to the ribosomes, which then make all sorts of new proteins. Around the genome, thousands of processes are going on—enzymes are working on substrates, proteins are moving material from place to place, and things are constantly being built up, broken down, replaced, and modified. If you picture a factory reduced by a scale of about 100 million, sped up ten-thousandfold, duplicating itself occasionally, you’ll get the general idea.

All this activity is contained within a cellular membrane, which separates “inside” from “outside.”11 On (and in) the membrane are receptor and transport proteins, which are the cell’s link to the outside environment: They sense it, react to it, and bring things in and out of it.

In humans, this environment is mainly composed of neighboring cells: As I mentioned before, a human cell is a machine inside a machine—it can only survive and function as a component of a much larger structure.

A microbe’s environment, on the other hand, may contain its siblings (read: competitors), members of other microbial species (read: competitors), and things that eat microbes (read: bad news). Important physical conditions—temperature, salinity, energy sources, the chemical composition of its surroundings—also affect the microbe, every second of its life. A microbe attempting to set up house inside a human lung, for example, has to deal with our immune system trying to get rid of it, while a microbe in a muddy puddle, or up a tree, has a very different set of problems.




Reproduce. Repeat. Repeat.

We know now what a microbe is, what it looks like, and a little bit about how it works; but what does it do?

Mostly, it multiplies. A microbial cell is an object primarily concerned with getting enough energy and materials to repeatedly duplicate itself. This is not because it wants to (microbes don’t have brains to want things with), but because that’s the basic principle of evolution—if something tends to reproduce effectively, it will spread. If it doesn’t, its numbers will dwindle away into nonexistence so that, eventually, we just don’t see microbes that aren’t that good at multiplying around anymore.

Therefore, microbes that have randomly developed something to help them survive and multiply in their environment will (nonran domly) outbreed the others. That is the classical theory, at least; but, later on, I’ll introduce you to some microbes that also develop tricks and shortcuts to speed up and optimize their evolution.

On the flip side of the race, some microbes actually lose something to gain an advantage, rather than developing something. As professionals in any field of racing will tell you, stripping the machine down is absolutely crucial for gaining a competitive edge because—and this is a principle that is as important in biology as it is everywhere—everything has its price. If a microbe has lost an unnecessary system, it no longer needs to allocate time, material, and energy towards keeping that system functioning, and it can put more resources into reproduction. That microbe is one step ahead in the perpetual race. Sometimes, a particular system or quality isn’t necessary for a microbe’s survival; for instance, the ability to survive intense heat is useless in a cool environment, so after some time, most microbes in a cool environment would be the offspring of the first individual microbe to have lost that ability.

Of course, not all environments are the same. After the first cells came into being, the natural optimization process meant that if you saw the same type of microbe in two different environments, over time, each would develop in radically different ways.12 Microbes living in warm places, for instance, became better and better at dealing with high temperatures, and could venture out further into hotter places. Why would they adapt like that? Because of the reward: A microbe that could move out into new territory would have the place to itself. We’re not just talking about physical territory here: If a microbe evolves so that it is able to use something in its present environment in a beneficial way (say, a food resource), it will suddenly be much better off, and will be able to reproduce the hell out of everyone else.

And reproduce they do: Given good conditions, an E. coli cell can become two cells within twenty minutes. Multiply this process by a lot, give it a few billion years to run, and you get what we see today: Microbes of all sorts, everywhere, swimming in every droplet of water, and hanging on to every surface.


BONUS TRACK #1

Doing the Numbers

Here are a few impressive figures about microbes, specifically designed to knock your socks off:


• Number of microbes in teaspoonful of garden soil: about a trillion

• Number of species of microbes in that teaspoonful of garden soil: about 10,000

• Total number of microbial species: nobody knows; somewhere in the lower billions is the best estimate

• Number of microbes per square centimeter of human skin: upwards of 100,000

• Ratio of microbial cells to human cells in the human body: 10 to 1

• Overall weight of microbes in a healthy human body: 2 to 4 pounds.

• Number of times an E. coli cell is able to reproduce in a day: 72

• Period in which microbes first appeared on Earth: 3.8 billion years ago

• Period during which they had the place to themselves: about 3 billion years

• Period in which the human race first noticed that microbes existed: the seventeenth century

• Period in which the human race started noticing that microbes were causing disease: the late nineteenth century



These numbers don’t even take viruses into account; if they did, the figures would escalate by whole orders of magnitude.








CHAPTER 2

Bugs on the Map

I’ve always wanted to see catchier naming schemes for microbes. Where are the aye-aye, the okapi, the bumpy rocketfrog, the turbo snail, and the bandicoot of the microbial world? The coolest-sounding microbe I know of goes by the name Actinomyces funkei. Sure, Dokdonella fugitiva holds some dark, mysterious allure, Al bidovulum inexpectatum maintains an element of surprise, and Aeromonas popoffii is to be commended for its airy jollity; but microbe names tend to be long, Latin, descriptive, and—to the layman—obscure (Geodermatophilus obscurus scores high marks on all counts). The only redeeming feature about microbial names is the exotic locations that they often hint at: Actinoplanes brasiliensis, Desulfomi crobium norvegicum, Klebsiella singaporensis, Desulfovibrio mexicanus, local candidate Anaerobranca californiensis, and the very specific Dyadobacter beijingensis are but a small sample of this category.

The name of a microbe usually marks where that particular species was first found. The dreaded Ebola virus, for example, was named after the river valley near where the first outbreak of the disease occurred. Geographical location, however, is hardly the most engaging thing about the places in which microbes find themselves. Microbes  excel at surviving in unusual, even extreme, environments that are usually much too rough for other types of life.

Finding some of these microbes involves journeying to the ends of the Earth; but, before we do that, let’s first stop at a slightly less captivating location to meet a microbe that’s being grown by the billions—and find out why.




King of the Lab

Allow me to introduce you to E. coli, humble resident of our lower intestines that is grown relentlessly and studied in countless labs all over the world, and that causes nauseating smells in toilets everywhere.

There is, of course, no such thing as a typical microbe, just as there’s no such thing as a typical human being; but E. coli will do to begin with, and it will give us something against which to compare some of the more extreme examples of microbehood.


E. coli belongs to the Enterobacteriaceae family of bacteria. Weighing in at one-millionth of a millionth of a gram (one gram is about the weight of a dollar bill), it measures a delightful two micrometers in length and about 0.8 of a micrometer in diameter, lending it a dashing, elegant, rodlike shape—not unlike a small, wriggly licorice bullet. Its hobbies include swimming around and reproducing itself. It usually hails from the lower intestines of mammals (a home that it shares with many other microbial species), but it has been found in many places, usually as a result of being excreted from the intestines into water. As befits its station in life, it prefers the sort of conditions that are found in its original habitat: wet, 98.6° F, alkaline, and rich in the nutrients that it lives off, and at the same time, it helps our digestive systems to process and absorb.

At first glance, there is nothing in particular about this microbe that seems to merit all this attention. True, it is in close personal contact with humans and it assists our digestive systems, but it hardly ever causes any trouble (there are a few strains of it that have gone bad, like the moderately dreaded and evocatively named O157:H7, but those strains make up a very small minority of its numbers) and it has no particularly captivating features. And yet biologists everywhere grow it, study it, and mess around with it constantly. Why is that? What’s so special about it?

The answer is convenience—E. coli is the perfect laboratory tool. Several properties endear it to us so:

First, it can be grown quickly and cheaply. A single bacterial cell can be left to grow overnight inside a beaker that’s placed in an incubator; the next morning, there will be billions of exact copies swirling around in there for us to study at our leisure.

Second, you can store it practically forever in a freezer, then thaw it, and carry on using it as if nothing happened. Try doing that with a lab rat.13


Third, it is quite accommodating: It accepts foreign DNA relatively easily. If you have a certain gene that you wish to study—never mind if it’s bacterial, human, or any other sort—you can insert a single molecule of it into an E. coli cell, chuck the microbe into a beaker ful of broth (I’m sparing you some technical details here, you’ll understand) and, within a few hours, you’ll have a beaker swimming with bacteria containing your desired gene, which you can then investigate to your heart’s content. What we have here is, in fact, a lean, mean, custom-made DNA-generating machine. What’s more, a slightly different manner of tinkering will have the E. coli manufacturing large amounts of a desired protein out of the gene that you put into it. In Chapter 6, we’ll find out about entire industries that are based on this ability.

Fourth and finally, there’s never an outcry about cruelty to microbes. Billions of these critters are killed daily, but I have yet to hear of anyone picketing for this to be stopped. Maybe it’s the fact that E. coli is not technically an animal; or it’s assumed that, because an E. coli cell has no nervous system, it can’t feel pain and suffering (which may or may not be true, or relevant, to the ethical discussion); or it may just be that even the most ardent animal-rights activist flushes millions of them away per sitting. I suspect the most important reason is that E. coli don’t complain or make distressing noises when mistreated, nor do they writhe in anguish (visibly, at least, because they aren’t seen at all by the naked eye) and, in any case, they are neither cute nor furry.14


There’s a lot more to be told about E. coli. The lab, however, is not the only place for meeting microbes.




Feel the Heat

Here’s an experiment for you not to try at home.

Seal up your bedroom, fill it up to, say, neck height with boiling water, and sit inside it for a few hours.

Now, there are several good reasons not to attempt this: You’ll die screaming in agony, I’ll get the pants sued off me by your next of kin, and someone will have to clean up the mess afterwards.

But had you done it, you would have experienced what one particular microbe would consider a slightly chilly environment.

Strange creatures are often found in strange places. If you read a bit of the history of microbiology, you’ll find plenty of cases in which   it was said, “There can’t possibly be any life in that place”—which is why it took so long for someone to go there and have a proper look. In this case, having a look would also have been quite a bother: This particular microbe lives in very inaccessible spots known as black smokers, which are tall natural chimneys (up to twenty-five to thirty feet high) that stick up from the ocean floor and spout super hot magma into the water from beneath the Earth’s crust. We’re talking up to 750° Fahrenheit here.

“Doesn’t water boil at 212 degrees or so?” I hear you ask. Yes, in your kitchen it does; but at one and a quarter miles below sea level, the water pressure is so powerful that the hot water remains a liquid. Concentric circles of heat form around the chimney, with the hottest temperatures occurring near the chimney hole. Because cold ocean water surrounds the hole on all sides, cooler circular zones form around it: The zone nearest the smoker is insanely hot, the zone circling it is slightly cooler (very relatively speaking), and so on, until the outer zone, which is at ocean-water (i.e., near freezing) temperature. “The nine circles of hell” is not a very accurate description, but you get the picture.

If hell it be, we may reasonably expect all kinds of fire and brimstone in there—and we’d be right: The smoker itself is made of iron and sulfur minerals, and the water is thick with poisonous chemicals, from hydrogen sulfide to various heavy metals. To make things worse, it’s very dark down there: Because no sunlight shines through at that depth, there is no opportunity for photosynthesis. Boiling hot and freezing cold; poisonous; armor-flattening pressure; pitch black—not exceedingly hospitable places, are they? Yet something calls them home, sweet home.

In 1997, a sample from a black-smoker area was found to contain a species of microbe that could withstand, indefinitely, exposure up  to 235° Fahrenheit, and that was happily reproducing at 223° F (for a microbe, reproduction activity is a reliable sign that conditions are fine, as far as it is concerned). Temperatures below 194° F were, in fact, too cold for it. Named Pyrolobus fumarii (P. fumarii), which is Latin for “fire lobe of the chimney,” it was the most heat-resistant organism ever discovered.

Heat resisters (hyperthermophiles) were discovered several decades ago and are very interesting to scientists, because such high levels of heat completely mess up “ordinary” organisms: proteins change form (boil an egg and see), DNA is a total loss, and the membranes of cells pop like bubbles; but these guys deal with it, no sweat.15 Since their discovery, research has revealed some extraordinary engineering on these microbes that helps them function.

Hyperthermophiles are useful, too: An enzyme from the hyperthermophile Thermus aquaticus is essential for a lab technique called polymerase chain reaction (PCR), which is just about the most useful tool in biological research since the invention of the wheel. Briefly, PCR amplifies a DNA sequence, turning one copy of the sequence into millions. This enables us to study, analyze, and utilize that sequence. PCR is also the basis for every forensic DNA analysis that you hear about on the news (and, as a regrettable side effect, it has been the basis for the ongoing epidemic of CSI crime shows).

Back to P. fumarii. There’s a bit more to this guy than just being able to take the heat. As we remember, the cycle of life depends on plants getting energy from the sun and nutrients from the soil, animals eating plants and other animals and then dying, microbes breaking down dead animals and plants into nutrients, and so on.   The only noncyclical element involved in this process is the sun—it’s the battery that powers the cycle. Every living creature is dependent on energy from the sun, and if it isn’t there, the cycle stops; but P. fumarii (and a few other equally weird microbes) doesn’t need the sun at all: It gets its energy from the heat and chemicals in its environment, via a series of complicated biochemical tricks whose details I will spare you.16 It literally lives off the Earth and, in doing so, provides other creatures with the opportunity to live, by enabling the existence of an entire ecosystem: A varied collection of creatures that live near black smokers either have symbiotic relationships with the hyperthermophiles, or they feed on them. Other creatures prey upon those creatures, from wriggling tubeworms to poisonous fanged snails that hunt iron-plated mollusks; so the vicinity of a black-smoker vent is full of life, while all around it, the ocean floor is a silent, barren wasteland.

You think 235° F is tough? In 2003, an even hardier microbe was found in the Juan de Fuca underwater mountain range in the Pacific Ocean, in a chimney complex about two hundred miles offshore from Puget Sound. Provisionally named Strain 121, after the highest temperature Celsius at which it can grow (about 250° F—and it can still survive at 266° F), it puts P. fumarii to shame. What’s more, it uses iron instead of oxygen, and is therefore fully independent of the sun.

Various hyperthermophiles have been found in several different vent complexes all over the oceans; but how exactly did they get there? They can’t just leave one vent and travel over to another, because they wouldn’t survive the freezing journey. So how did they do it?

We don’t know the answer, but here’s something to think about: All hyperthermophiles, as well as other microbes that are resistant to extreme conditions (cold, acidity, and salinity, for example), belong to the group of organisms named archaea. They’re not bacteria, and they’re definitely not fungi—they’re a different sort of creature. An archaean is as different from a bacterium as it is from us. They were called archaea because they’re archaic, and although they live alongside us in the twenty-first century, they are thought to closely resemble the organisms that first developed on planet Earth; in other words, we’re the ones who have changed, while they have stayed the same.

It may be that billions of years ago the conditions on Earth were pretty harsh—with sulfur and metal gushing into the ocean, and no oxygen—and the first life that developed was equipped to cope with that. Later, things calmed down, and life evolved to adjust to the changing conditions; but little islands of ferocity still remain and, within them, the unchanging relics of an ancient age still do what they have been doing for time out of mind.

A bit too soggy for comfort, perhaps? Let’s head to Chile now to dry off a bit—more than a bit, actually.




A Sip of Life

The heart of the Atacama Desert in Chile, lying east of the Pacific and stretching into the Andes mountain range, is the driest place on Earth. It’s dry, dry, dry. Rain is virtually unknown there. There are no rivers, no lakes, no water at all; and no water means no life. That’s nature’s way—no exceptions.

It is not surprising that this desert, although not especially hot (as deserts go, at least), is the most barren place on our planet. It is so  devoid of life that NASA uses it to test its Mars landers because it is the environment on Earth most similar to the Martian wastes. No plants live here, no insects, not even any microbes. Nothing.

Yet in 2005, in an ancient, dried-up lake that’s now no more than a collection of salty rocks, microbiologist Jacek Wierzchos found an extremely hardy type of bacteria living just below the rocks’ outer surface.
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