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Dedication

For E




Epigraph

Que tu cuerpo sea siempre

un amado espacio de revelaciones.

May your body always be

a beloved space of revelations.

Alejandra Pizarnik
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Preface

An hour’s drive from present-day Baghdad, a series of mounds dot a desolate reddish plain. Four thousand years ago, before the course of the Euphrates migrated west, this was the ancient Sumerian city of Nippur. We know from a series of archaeological digs in the late nineteenth century that the settlement housed a large school for scribes. There, along the river, young men and women learned what was then the relatively new art of writing. From the shallows, they gathered reeds, cutting them obliquely to create their styluses. They collected clay from the river’s banks and molded it into tablets or flattened circles or prisms, and by pressing their sharpened reeds into this still-wet clay, they created the uniquely angular and cone-shaped script that gives their writing its name: cuneiform.

Sumer was an association of city-states, the largest probably containing no more than eighty thousand people, about the population of a handful of blocks in Manhattan. They built temples of mudbrick, went to war in chariots, played bull’s head lyres, and worshipped a panoply of gods and goddesses with names like An and Ninhursag. In a scribal school like the one at Nippur, students learned to write, in part, by copying out well-known sayings, and much of what we know about the civilization comes from the study of these proverbs.

Most of the proverbs have the distinctive smack of a small farming city on an ancient plain. There is a kind of homesteader’s wit and wisdom: “There is no baked cake in the middle of the dough.” There are also aphorisms that seem to capture the specific violence of life in that era: “You should not cut the throat of that which has already had its throat cut.” Most are deeply dated, and many are simply confusing: “What is eaten for today was put there by the dog. What is eaten by the dog was put there for today.” The twelfth proverb, though, stands apart from the rest. It invokes no vanished deities or lost cultural customs. Nearly two millennia before the birth of Christ, a student in Nippur pulled a lump of clay out of a basin of cool water, flattened it into a circle, and wrote these words:

Something which has never occurred since time immemorial: a young woman did not fart in her husband’s embrace.

It’s the world’s first recorded fart joke, but what’s funny about the twelfth proverb isn’t the joke. Neither is it that humans should have evolved the faculty of language, then of writing, only to set down what is little more than a crude knock-knock. What’s funny is that somehow, even thousands of years later, it feels like a joke we might still make. In fact, it is. There it is in season two, episode 17 of the sitcom 3rd Rock from the Sun when Mary, played by Jane Curtin, nonchalantly passes gas in front of her boyfriend (John Lithgow), an alien masquerading as a suburban father. It surfaces again in season one, episode 11 of Sex and the City when Carrie (Sarah Jessica Parker) does the same while snuggling with Mr. Big, thus throwing their affair into one of its many tumults. And there it is again in Mallrats, as Brodie worries his flatulence may have been the death knell for his relationship.

We now govern through an institution of representative democracy, we send ships careening through space at 165,000 mph, we snip and sew the very genetic ribbons from which life is composed. I write these letters down for you not with a sharpened reed yanked from the Hudson but by shuffling countless subatomic particles through a series of infinitesimal electronic switches. And yet the basic functions of the human body remain so fundamentally confounding that we, as a culture, are still telling a four-thousand-year-old fart joke.

ANY BIOLOGY TEXTBOOK USUALLY FEATURES A DIAGRAM OF the human body flayed to reveal its complex inner workings—the red and blue pipes of the arteries and veins, the intricate coils and loops of the reproductive organs, the endless branching roots of the nervous system. We learn that the body is a fundamentally cohesive organism, a collection of organs and tissues, fed by the heart and the lungs, overseen by the brain, wrapped up in a covering of skin, the whole shebang working together to a common purpose. But while this idea of the body isn’t false, it’s deceptive. The human organism depicted on the page fails to give us a complete picture in one very crucial way: it looks tidy. In reality, it is anything but. Whether it is blowing its nose, combing its hair, emptying its bladder, or simply exhaling, the human organism is essentially permeable. It leaks.

To live, our bodies must continuously shed material. Eat last week’s potato salad, and the stomach expels the offending material. Inhale a virus or a piece of pollen, and the nose runs. Digest a fiber, make a muscle, send a signal from one end of a neuron to the other, and you create a chemical byproduct that must be reprocessed or removed from the body in its own specialized manner. There’s nothing we can do about it. Stop urinating, stop defecating, stop breathing, and death is near.

We can learn a great deal about ourselves from these materials. The color of our urine, the volume of our flatus, the frequency of our tears, the rhythm of our breath: taken together, these materials tell a story of the human that produced them, and it’s curious then how hesitant we are to acknowledge, let alone discuss, them. Instead, we often hide our body’s productions. We cough into our elbows and hurriedly plunge the recalcitrant stool and stash the sodden boxers and turn our heads to cry. We act as if the mention of a bowel movement at the dinner table will rock the Earth on its axis, and I sometimes wonder if this prudishness about our bodily materials stems in part from an intuition that the stories they tell might diverge from those we would prefer to believe. It’s far easier philosophically, and far safer emotionally, if we consider these materials mere byproducts of the real work of being human.

But we’re wrong to do so. Whether we acknowledge it or not, our shedding bodies put us in constant dialogue with our environment and our fellow human beings, and in so doing, these materials play a central role in who we are and how we organize ourselves in society. The architecture of our homes is determined by the need to safely dispose of excrement, and our cities, perhaps the single most notable feature of the human experiment, are only made possible by a vast infrastructure of sewage disposal. Our mucus forms a genetic bazaar where both dangerous and useful microbes are continuously traded back and forth with other organisms. We sell our blood and tax our tampons and boil our urine and say ten Hail Marys as penance for our masturbation. Our very breath is political.

The exchange, elimination, and frequent disguise of our effluence, in other words, has been elemental to the development of human civilization, and our lives today are still governed by a host of laws and mores, superstitions and misconceptions, about the materials our bodies leave behind. When we breathe, when we vomit, when we urinate, we negotiate an uncomfortable and often untenable truce between our own body and society.

Each chapter in this book is about one of these negotiations. In these pages, you will find an alchemist hoarding his urine, theologians debating the resurrection of the intestines, a museum committee flummoxed by nine kilograms of hair, a church consecrated by vomit, and several hundred thousand young men trying not to masturbate. You will also find an infant formula crime syndicate, a mucus centrifuge, and several weeping philosophers. I have not provided a grand and cohesive argument about humanity here for the simple reason that the human body is neither grand nor cohesive. Rather, in twelve stories, I describe a kind of terrestrial organism. It is a peculiarly social creature. Large-brained, bipedal, it lives in groups on a smallish watery planet with an oxygen-rich atmosphere. It gives birth to live young and feeds them with liquid exuded from its own body (or often with the powdered milk of another species). It urinates and defecates in closets and blows its nose in moisturizing tissues. It is transported by the scent of hair or the delirium of nausea. It absorbs its disintegrating endometrium with lozenges of cotton cellulose, ejaculates to two-dimensional recordings, plays games with its flatulence. It cries and wonders why. It’s a messy organism, in other words, and so it is a messy book.

That mess itself is my goal. If you leave these pages thinking you understand Homo sapiens, this book has failed. But if one day you inspect the toilet bowl before flushing or look into the tissue after blowing your nose; if you take a moment to smell the hair of a loved one or to listen to the pitch of your own flatulence; if you try to find the seat of your nausea or the moment when a tear becomes inevitable; if you pause and consider the materials you are forever leaving behind, that will be a beginning.




I

Mucus

Subject: A perhaps unknown property of mucus!

I wanted to tell you about an attribute of mucus I discovered by accident.

To the point, somehow (I sneezed or something), I got mucus or snot onto an exposed minor scratch which was still bleeding slowly. I got distracted doing something, and when I could give it my attention it had scabbed over. It looked odd and as I fooled with it I found that it seemed several times stiffer and stronger than a blood-alone scab. I left it alone and the scratch seemed to be healing quickly without inflammation.

I think it’s interesting and might be worthy of research to see where it leads.

I am writing this message to see if your work provides any insight into the creation of thickened mucus (particularly in the throat) and whether there might be some concepts for reducing this thickening.

i wanted to pass on a reference to a mask and society of the NW kwakiutl tribe that studied mucous circa 1840. Always good to know context . . . the smithsonian has their number reference and you might get more info from them. if you do find out more, copy me

Is it bad to eat your boogers?

Inquiries received by MIT’s Biogel Lab in Cambridge, Massachusetts



Terms

n. snot, boogers, boogs, gold, loogie (when hawked), phlegm, nose fruit
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Diagram of a mucin, “A Complex Connection Between the Diversity of Human Gastric Mucin O-Glycans, Helicobacter pylori Binding, Helicobacter Infection and Fucosylation,” Gurdeep Chahal et al., 2022






Biological Prologue: The Multiscale Organic Mesh

Things are always going up your nose. It could be a single bacterium wafting through the pressurized atmosphere of an airplane cabin, or after visiting a desperately sick aunt, you might rub your nose absentmindedly and leave behind the protein-spiked sphere of a rhinovirus. Or some afternoon at the botanical garden, you might bend down to sniff a rose and inhale along with that ethereal carmine scent a golden clump of pollen. That golden clump or spiked sphere or bacterium, during its brief adventure in the nasal passage, careens among hairs, is jostled by eddying currents of air, and finally lands, not on the body’s epithelial cells—and this is of the utmost importance—but on the layer of mucus covering those cells, and there the thing sits, trapped, like one of those bugs in Jurassic amber.

Depending upon the physical and chemical nature of that foreign body and upon the sensitivities of the particular nose into which it’s been introduced, a number of events might occur upon arrival. The object might be permitted to penetrate the barrier and reach the epithelial cells below, as is the case with certain chemicals, or it might be encased in thicker varieties of mucus while elements of the immune system mobilize to fight it. It may attach itself to sugars in the substrate and be sheltered indefinitely in the mucosal layer, or, as is often the case, the immune system could raise its already robust rate of mucus production, causing the nose, as we say, to run.

Mucus is produced continuously by the submucosal glands and by the satisfyingly named goblet cells. It is created in the nose, the lungs, the eyes, the digestive tract, the reproductive organs, among other locales. On an average day an average human body makes a great deal of the stuff, something on the order of a gallon—enough that the combined efforts of all humanity could fill ten Titanics to brimming every hour. It’s composed of water, salts, fats, sugars, suspended in a gel formed of the long, thin, and eponymous protein mucin (imagine a strand of fettucine covered in dust); each of those strands of fettucine forms a variety of bonds at different sites on other strands, creating what is sometimes described by scientists as a complex multiscale organic mesh.

Because that mesh traps things, and because its texture determines what it traps, our mucus can tell us a great deal about ourselves. White or clear indicates healthy production of mucus, while mottled yellow or green signals the presence of white blood cells and the likelihood of an infection. Puce or scarlet (or even sometimes a smooth and glasslike obsidian) is a sign of blood in the mucus, whether through superficial laceration or from some other deeper and more foreboding source, while a grayish tinge provides good evidence of exposure to environmental pollution. Its consistency, meanwhile, testifies to the environment in which it formed, with drier conditions producing the desiccated mucosal product known in English as a booger (perhaps from bogey, Scottish bogle, “a phantom or goblin,” or from bugger, Old French bougre, “a heretic;” the etymology is as maddeningly inviting as it is indefinite). This isn’t merely funny–ha ha material. These are actual diagnostic criteria. Slight variations in the texture of mucus, what scientists call its spinnability, can be used to diagnose serious medical conditions; the spinnability of a pregnant woman’s cervical mucus, for instance, is one of the better ways to predict her likelihood of a miscarriage.

On a practical level, everyone knows what the stuff that comes out of their noses is. We do not call it a complex multiscale organic mesh; we call it snot, and we know exactly what to do with it. We blow our noses, get rid of the results, and go about our lives. In this moment of minor annoyance, our primary experience of mucus, all our thoughts are summed up with the swipe of a tissue. But there’s more to discover, as every child recognizes when they put their finger up their nose. It’s all a matter of how far you’re willing to go.

Borderlands

When I make the trek to MIT’s Biogel Lab, there’s a lot going on in the world. Protests continue in Hong Kong. In northern Syria, Abu Bakr al-Baghdadi, the de facto leader of ISIS, detonates an explosive vest as United States Special Operations forces surround him, and the president, trying to convey to reporters the feeling of watching the death via live video feed, says it was like “watching a movie.” In the past twelve months, more than seventy-five thousand children have been taken into custody at the U.S.-Mexico border, and in California, wildfires have turned the outskirts of Los Angeles into a charred and smoking wasteland. The smoke is so thick, the red carpet premiere of Terminator: Dark Fate has been canceled.

There’s the creeping sense, in other words, that the web of human connections has begun to rapidly unravel, but this fades away when I arrive in Cambridge, Massachusetts. The day is overcast but brisk. The Charles River looks like quicksilver. On MIT’s campus, construction crews are busy knocking down one building—the former Wright Brothers Wind Tunnel—and putting up a half dozen others. A tour guide is explaining to a group of prospective students and their parents the sort of research that will one day be conducted in these buildings. Progress here feels as real as the steel girders waiting to be lifted into position.

The Massachusetts Institute of Technology, along with its reputation for academic excellence, is also noted for its dedication to meritocracy, its tradition of elaborate practical jokes, the role it’s played in the computer revolution, and its outstanding model railroad club. If these data points don’t provide enough detail on the sort of pimpled, kyphotic anticharisma—itself somehow charming—that pervades MIT’s campus, then I refer the reader to a T-shirt once popular among the undergraduates of nearby Wellesley College: MIT, the odds are good, but the goods are odd. In the hubbub of students hurrying to grab a bite between classes, one student wears a sweater vest, another has two buns of auburn hair on either side of her head in the mode of a certain distressed fictional space princess. Bits of conversation filter out of the fall air like lines struck from an episode of The Big Bang Theory for being too nerdy:

“You know ice-covered settings preserve more information.”

“So are the NACG research goals the same as for the NSF proposal?”

In the middle of it all, untouched and alone on a perfectly smooth sidewalk, a young man on a bicycle abruptly crashes. A man raking leaves shakes his head and goes on raking.

Behind a neoclassical hall with towers dedicated to men like Linnaeus, Newton, and Faraday, away from the vast lawn of Killian Court and the slow churning of the Charles, there’s a misshapen quadrangle composed seemingly of the backs of several buildings. Asphalt and concrete predominate. A few industrial-size tanks of argon and liquid nitrogen hiss. This is Building 56. This is where a cadre of engineers, biologists, and graduate students, led by Dr. Katharina Ribbeck, has spent the better part of the last decade trying to understand precisely what mucus is and does.

I’ve spoken and emailed with Dr. Ribbeck a few times in the run-up to this visit, and in the process, unwittingly, I’ve gotten some image into my head of what a mucus scientist might look or act like—earrings of eccentric proportions, erratic yet voluble laughter—but when I find her office on the second floor, I discover Dr. Ribbeck is wholly out of line with nearly all of my preconceptions. All in black, with steady eye contact, a disarming smile, and a firm-but-not-too-firm handshake, she has more than a little of the politician’s proprioceptive abilities. She inquires about my travel, did I have trouble finding the lab (of course not: she has previously sent detailed directions, a map, and her cell phone number), would I like water or perhaps coffee. She gestures toward her desk, where a coffee cup of double-walled borosilicate glass bears the distinctive rime of a cappuccino. It is the intellectual savoir faire more commonly associated with villains in James Bond. As we take our seats at a table, a black poodle, silken and aloof, enters the room and settles down in the middle of the floor.

The art on her walls appears to be something in the vein of Jackson Pollock, and as we exchange formalities my eye is drawn to the pattern of loops and spirals. The more I look at it, the more it seems to resemble one of those Hubble stills of a distant star cluster where wisps of material cohere into swirling patterns of nodes and cavities, but the density here is not quite stellar. I lean in closer, but I can’t put my finger on exactly what I’m seeing.

 “Mucus,” says Ribbeck from across the table. “At five hundred times magnification, I think.”

Dr. Ribbeck speaks English as a second language with more precision than I do as a native speaker, and she has an acute manner of listening, where you can tell that not only has she already parsed out your whole sentence even though you’re only halfway through speaking it, she’s already preparing her own response. One of my first questions has to do with the recent popularity of mucus as a subject of research and with the long period of neglect that preceded it. She doesn’t miss a beat.

“Speaking for mucus,” she says.

This is what she does day in and day out, after all, expressing to others what mucus can’t explain for itself. But it’s also one of the phrases that no one ever hears, and it is thus utterly delightful.

“I have a soft spot for these gels,” she says.

Ten years ago, Ribbeck tells me, when she first proposed mucus as a worthy object of study, half the faculty of Harvard’s biology department cringed, but time has been kind to mucus, and these days the stuff is very much in the zeitgeist, in no small part thanks to the work done at this lab. In rapid succession, she reels off a few talking points. As the first line of defense in the body’s immunological response, mucus is tied up in the etiology of many allergic reactions, and is implicated in a vast array of ailments from the passing hay fever of a June day to more severe and complex lifelong diseases such as Sjögren’s syndrome, where a failure of mucus production in the mouth and eyes causes the eyelid to stick to the eyeball, as she describes it, like Velcro. With its antimicrobial properties, mucus is at the center of discussions about a postantibiotic world, and in its role as an efficient and selective physical filter, it holds promise for an array of both pharmaceutical and industrial applications. Perhaps foremost, as the soil in which the body’s microbial community grows, mucus finds itself involved in the trendiest of fields, the reimagining of the human organism less as an integral unit than as something with much fuzzier edges, and it has begun to take its place in the investigation of the many ailments—from autism to gluten intolerance to ADHD—that have been attributed, rightly or wrongly, to deformations of the human microbiome.

Mucus, in other words, is hot right now. As I’ve discovered, once the stuff is on your radar, it’s hard not to find muc-news cropping up everywhere. The mucus of the Chinese giant salamander heals wounds, while the mucus of Israeli jellyfish filters microplastics from polluted seawater. Fish mucus, or sometimes snail mucus, holds the key to overcoming antibiotic-resistant bacteria. Whales near Australia are being followed by helicopter drones that sweep down to collect the mucus particulates ejected when they expel air from their blowholes, while the whales off Alaska are being tailed by mucus-collecting submersible drones. Swiss scientists are smearing francs with mucus containing the human influenza virus.

“Mucus is experiencing a renaissance,” Ribbeck says. “It’s a very sophisticated material. You couldn’t design it if you wanted to.”

As much promise as this research holds, the work done at the lab is still, in Ribbeck’s words, “material-limited,” which is to say that despite the natural abundance of the stuff within the human body, it’s hard to get quality mucus, and many of the experiments are designed with this deficit in mind, whether it’s testing viscosity via disturbances of a microscopic needle or determining mucoadhesivity by pulling apart two parallel plates between which has been sandwiched a single drop of mucus.

“Getting mucus is not super convenient,” she explains as she walks me down to the lab proper, “but it’s not impossible.” They can always order dehydrated mucus from the biomedical supplier Sigma-Aldrich in Milwaukee. (As can you: M3895, mucin from bovine submaxillary glands Type I-S; M1778, mucin from porcine stomach Type III. But it isn’t cheap. A gram of M3895 will set you back $499.00.) They prefer to produce their own lab-quality mucus. “The biggest obstacle to getting mucus,” she tells me, “is conceptual.” One of their two sources is a man who drives down from the slaughterhouses in New Hampshire with a cooler of animal parts in his trunk. He’s something of a fixture in the Greater Boston Area, making the rounds of various hospitals and universities, delivering eyeballs here, livers there. For the Biogel Lab, he saves the stomachs and intestines. Dr. Ribbeck opens the door to the lab and gestures for me to follow: “They have prepared for you a stomach, I believe.”

THIS IS WHERE BRAD TURNER, THE LAB’S CHIEF TECHNOLOGY officer, enters the picture. Though the processes for purifying mucus have been around since the 1950s, Turner, a biochemist by training, has been perfecting the technique here at the lab. An older man, he wears a plaid shirt, the breast pocket nearly bursting with pens, and a white lab coat. Fine, tightly curled hair, mottled gray like a storm cloud, covers his head and cheeks, framing a wide face, a pair of soft, brown eyes, and the permanently furrowed brow, brooding yet pleasant, of a man who has spent much of his life considering problems on the molecular scale. Despite all the advanced equipment in the lab, mucus purification begins with nothing more than a cookie sheet, a bus tub, two paint scrapers, and forty pig stomachs. The stomachs arrive still full of the pigs’ final meals, and the first step, he tells me, involves emptying the organs of those contents.

“The smell can be pretty unpleasant,” Dr. Turner says, using a gloved hand to scoop out a grainy oatmealish substance that sticks to his glove so tenaciously he must give a little shake of the wrist to get the material to fall into a trash can. As he sets to work in earnest, he takes on the manner of a professor, filling the silence with the tangential minutiae that are second nature to a lecturer. “Pigs are partially copraphagic,” he says, scraping down the stomach. “They rely on nutrients [scoop] that are only made [shake] when bacteria digest their feces, so [scoop] they need to eat that material to get those nutrients [shake].” He turns to me then, gesturing vaguely with the pig stomach in one hand. “Guinea pigs and rabbits are the same way. They’ll die if they’re unable to . . .” He stares down at his paint scraper—a ruffle of gelatinous brown muck is stuck to the tip—and trails off.

From forty pig stomachs, they get about 100 to 200 mL of what Turner calls crude mucus. Shedding the lab coat and peeling off the gloves, he turns his back and sets off into the lab, gesturing to the tables and machinery we pass. They dissolve the gel overnight in two liters of salt water, he says, then they run it through what looks like a monstrous Soviet-era washing machine-and-dryer combo. They’re centrifuges, one that spins at ten thousand times the force of gravity, the other spinning at fifty thousand times. Then they filter it through a G-25 fractionating column using size exclusion chromatography.

“Mucins have a high molecular weight,” he says. “Hemoglobin weighs something like sixty thousand daltons, but mucus is several million, so . . .” He trails off again and heads farther into the lab. “Then we dehydrate it.” He opens a drawer and pulls out a small ziplock bag containing what appears to be a tuft of cotton candy. The whole process takes about a month, and the forty stomachs will end up yielding about a gram of the stuff. He holds the bag in an open palm. “We calculated what it was worth at one point,” he says, allowing himself a nervous smile. “Something like ten thousand to twenty thousand dollars per gram.”

THE BIOGEL LAB DOES HAVE ONE OTHER SOURCE OF mucus: native Cantabrigians. Mostly made up of the lab’s doctoral students and their friends, the mucus donors come for about an hour at a time to sit in a room off the office while a breast pump drains their salivary mucus into vials. I have been asked, somewhat sheepishly, first by Dr. Ribbeck, then by Dr. Turner, if I would be interested, as long as I’m in the lab, in donating my mucus to the cause of mucus science, and after I’ve been walked through the purification process, I am placed in the care of three eager PhD candidates, who usher me into a small room.

“We call it the small room,” one says. “We’re not very inventive.”

The four of us discuss O-type bonds and sialic acid while they get the apparatus ready. One gives me cotton wadding and counsels me on how best to stuff it in my cheeks. Another disappears and returns with a red Solo cup of chipped ice. The third cuts a length of plastic tubing from a large spool and runs it between a nozzle on the breast pump and a vial sitting in the chipped ice. As we talk, I’m overtaken by a familiar feeling. I’ve been trying to put my finger on it this whole time, but only now does it start to come clear. What has impressed itself upon my senses at the Biogel Lab isn’t the high-tech machinery, the cooler of pig parts, or the aggregation of advanced degrees. It’s the level of enthusiasm about mucus. There is a vibratory electrical charge in the air that reminds me of my childhood elementary school in the throes of an arts and crafts project. Replace construction paper and Elmer’s glue with a breast pump and tube, and you have the general feeling of what it’s like to sit in the small room at the Biogel Lab and talk about mucus.

In fact, you don’t talk about mucus at all, you talk mucus, as in “We love to talk mucus” or “I could talk mucus all day.” Mucus is the métier. These people have chosen to devote their lives to a substance that many human beings, if not most, find actively repellent. They come in early so they can sit in this room watching cooking shows on YouTube (“I like Jamie Oliver,” one says) and have their bodily fluids drained off. And while that sort of time investment and countercultural attitude almost inherently skews your perspective about the importance of a subject, having only been in the lab a couple of hours, I am already nodding along enthusiastically and asking them to repeat exactly how many kinds of mucus there are in the human body (at least twenty-one) and what the difference is again between MUC5AC and MUC5B and how exactly the glycans are sequenced.

By this time, the machinery has been rigged. There’s just one final piece of plastic tubing that needs to be attached. One of the grad students holds it up, and only when she places it in my hand do I realize this is the part that connects to me. It goes under the tongue, she explains, already edging toward the door. Another of the students, in the moments before I am left alone with the pump and the tube and my thoughts, confides in me that she always looks at pictures of pickles.

This room too features a wall adorned with an extravagantly magnified image of mucus, and as I settle into my beanbag chair, my cheeks puffed with cotton wadding, and stare up at the poster, it strikes me that mucus, once you start to think about it, really is pretty wild. There’s a fractal complexity to the stuff that invites a stonerish zoning in of the gaze. Part of this must derive from the fact that, though everyone now recognizes the nearly mystical operation of an organ like the brain, the general public hasn’t got any clue just how mysterious snot can be. The other part of the excitement is that, as with brain research, the more we learn about mucus, the more we realize just how little we understand.

Take, for instance, the single function that most people recognize as the purpose of mucus, the role it plays as a filter. Dig out your most recent high school biology textbook, and you will almost certainly find a description of mucus acting as a physical mesh, basically a series of nets designed to seine particles of a certain size. “Wrong,” says Dr. Ribbeck. If you were to proceed with your research, delving into more recent literature, you might find that a molecule’s net charge or ability to dissolve in fat will determine its ability to pass through mucus, but this too turns out to be, if anything, only a small part of the picture. The simple fact is that, except in a very piecemeal way, we still don’t know how mucus filters out certain things while allowing others in. The best we can say, and I’m paraphrasing here from the impressively dense Annual Review of Cell and Developmental Biology, is that the filtration has to do with the spatial distribution of charged and hydrophilic groups along the overlapping mucin strands, which distribution may be altered by shifting the pH balance, and since next to nobody really gets that, we can mostly just say that mucus is a very, very good filter.

But even that sort of hole in our knowledge, while substantial, is dwarfed by comparison to what we don’t know about mucus’s other main function. As is becoming increasingly clear, perhaps the more fundamental purpose of mucus has to do not with the microbes it keeps out but with those it keeps in.

STAPHYLOCOCCUS AUREUS IS A ROUND GOLDEN BACTERIUM that, when viewed under a microscope, often appears in clusters similar to bunches of grapes. In humans, S. aureus is the most common source of bloodstream and joint infections. It can cause boils and impetigo on the skin, and if it navigates its way to the heart, it can dissolve the organ’s valves. In the gut, it sometimes secretes staph toxin as a way of destroying potential competitor bacteria, causing food poisoning in the process, and on implanted devices such as pacemakers, catheters, stents, and penile and breast implants, it creates a biofilm that makes it impervious to antibiotic treatment and requires the removal of the device. In chickens, it causes bumblefoot, mastitis in cows. The list goes on. It is, in other words, a highly virulent pathogenic bacterium. It reproduces quickly, and when allowed to spread unchecked, it can kill a human in a matter of days, which is why it was one of the first to be treated with penicillin, and likewise why it was one of the first to show signs of antibiotic resistance. S. aureus is now one of the most common hospital-acquired infections after surgery, and some 50,000 deaths are linked to it annually in the United States, roughly one in 7,500 people, or the equivalent of one Yankee Stadium at capacity kicking the bucket each year. You may know someone who died of a staph infection. I do. And yet, it’s estimated that 30 percent of the population carries this bacterium in their noses, on their skin, and in their gastrointestinal and reproductive tracts without showing any sign of bodily distress. They live with it, and it lives with them.

The other function of mucus is its role as a substrate for one of the densest ecological communities ever documented, the body’s microbiome, a living colony of diverse bacteria. “Mucus contains the body’s largest reservoir of complex sugars,” according to Dr. Ribbeck. “It is the soil for the microbiome.” It is this ability of mucus to house and feed bacteria that sends certain graduate student mucus researchers into gyratory hand gestures, soul-defining stares, and mutterings about “glycan motifs” and “ablated pseudomonas behaviors.” Because for microbiologists, biophysicists, computational biologists, statistical physicists, and game theorists, the term “microbiome” carries with it the sort of anticipatory and ominous tone of a distant clarion. Anticipatory because of the rapidity of recent discoveries, ominous because the scale of what remains to be done is daunting in about ten different ways.

Far from the solitary cells so often witnessed swimming across microscope slides, the bacteria in the microbiome, bacteria like S. aureus, turn out to be complex creatures, capable of forming highly organized and efficient (and usually sticky) communities known as biofilms (scrape your teeth up by your gum line and you’ll find one). And the relationships between different bacterial species’ biofilms can be contentious at best. Grown in a petri dish of agar gel, the various species of bacteria in the human microbiome will rapidly alter their dispositions, taking on a distinctly competitive aspect. Some will grow tails, others will secrete toxins that are deadly to their neighbors. This arms race can rapidly escalate into an all-out bacterial war, and in short order, one or two of the species can monopolize the available sources of energy, forcing the others out of existence and making life generally unpleasant for any cells nearby.

It is precisely those virulent traits that make S. aureus so deadly, and yet, through a variety of means that are only just becoming clear, mucus somehow tames these behaviors, not just of S. aureus but of a community of microbes potentially numbering in the thousands of species. Via the sugars studding its protein backbone, mucus feeds specific microorganisms in such a way that their more virulent functions are suppressed. As for Candida albicans, the fungus responsible for thrush, mucus makes it take on a novel form, preventing the expression of genes related to the formation of filaments or the attachment to surfaces. It also prevents the communication of chemical signals that cause bacteria to form biofilms, and when a bacterium does become virulent, attempting, in the case of Helicobacter pylori, to implant itself upon the surface of the gut, mucus lures it with a unique glycosylation pattern, binds to it, then detaches and carries it away.

The magnitude of this feat of peacekeeping should be clear to anyone who has ever lived in a dormitory, been subjected to episodes of The Real World, or read a history of medieval Europe. It is not easy for multiple beings to coexist in proximity, and the fundamental role mucus plays in maintaining bodily harmony is evidenced by what happens when your mucus stops working. According to the NIH, an estimated 80 percent of all internal infections are related to mucosal dysfunctions.

Why does the body go to all this trouble of keeping bacteria alive in the first place? The advantages are clear, as many studies have confirmed. The greater the diversity of the body’s microbiome, the healthier the human. Many of these bacteria offer some advantage to the body. Lactobacillus casie and Lactobacillus plantarum team up to digest the fibers in beans, turning them into a form of energy the body can absorb (and producing as a byproduct methane). Clostridium sporogenes synthesizes indolepropionic acid, a neuroprotective antioxidant. Many produce the short chain fatty acid butyrate that then becomes fuel for cells in the gut. Less clear is exactly how mucus gets these bacteria to peacefully coexist. The number of species in the average human microbiome hovers around ten thousand. Using traditional mathematical modeling, a network of just 170 species of bacteria would have more possible interactions than there are atoms in the visible universe.

THE BODY LEAKS IN ABOUT A DOZEN DIFFERENT WAYS, give or take a few, depending on how finicky you’re being about definitions, but mucus might be the most challenging to wrap your mind around. Urine, feces, breath, these are almost purely wastes; blood, on the other hand, is an undeniable part of the body. But mucus is somewhere in between. Mucus is the transition between the body and everything else, and the question then that’s all but unavoidable as you sit in the Biogel Lab looking at pictures of pickles on your phone and thinking about bacteria while your mucus drains into a vial: Does this stuff qualify as me? Is mucus basically just this goo that coats us? Or is mucus a part of us, but the myriad junk living within it is not? And if we go that route, how do we explain the huge amount of bodily work that goes on in the mucosal layer, the metabolization of countless chemicals necessary for our continued existence? Or do we come at this from the other direction and lump both mucus and the microbiome in with our definition of self? And if the microbiome is me, what does that mean?

As it turns out, among evolutionary biologists there’s actually a rather intense debate right now about this very question, a debate that has rapidly differentiated the involved biologists into two entrenched and opposing camps. One group espouses what we might call the standard model of natural selection. This holds that an individual in a species is composed of their own genetic material. Random mutations in this genome confer competitive advantages on the individual, allowing those genes to be passed on, so that other less useful genes fade away into the fossil record. Imagine, for instance, that your great-great-great-great-grandfather had a mutation that allowed him to digest potatoes. This was a significant advantage because it opened up an entirely new source of energy to him that wasn’t available to others. He flourished, having absolute scads of offspring and passing along to some of them his potato-digesting gene. Those offspring in turn flourished, scads, children, flourished, scads, potatoes, and so on and so forth. This is your basic survival-of-the-fittest example of natural selection. It’s how humans got thumbs and roses got thorns.

As the importance of the microbiome has come into focus, however, a group of evolutionary biologists has begun to argue that we should be looking at more than just the genes of an individual. This camp contends that the well-being of a human and their bacterial entourage is so deeply interwoven that we need to create a larger and more comprehensive evolutionary unit that includes not just your own genome but also the genetic material of your entire microbiome. In the case of your grandfather, suppose instead that the capacity to digest potatoes didn’t actually belong to him but to some bacteria that happened to find their way into his digestive tract. The argument of these folks is that we should consider your grandfather and his bacteria together as a distinct evolutionary unit. When bacteria in our guts help to digest our food, when bacteria in our sweat glands help to communicate signals about fitness for mating, these scientists argue, we should be considering the evolutionary unit not really as the single organism but as the collective of interconnected organisms. They even have a name for this collective. They call it the holobiont.

This new mucus research doesn’t necessarily decide the argument in favor of the holobiont concept, but it suggests, at the very least, that our evolution has been far more complicated and collaborative than we once believed. As Seth Bordenstein, a biologist at Vanderbilt University, has put it, “If host-encoded gene products such as mucin select for or against certain microbes, then host evolution impacts holobiont composition. That would be further evidence for hologenomic selection.” In other words, if it turns out that your grandfather’s mucus specifically selects a bacterium from the environment and feeds it, that’s a strong argument for considering them as a single unit.

A shift like this makes our ideas about evolution and about competition much more complicated. You don’t just get bacteria from your parents, after all. You mainly acquire them from the environment, from that breath of air you just took, from the banana you had for breakfast, from the guy at the deli who made your hoagie. If you’re continuously selecting and feeding and manipulating a phalanx of additional genetic material from your surroundings, that means you’re a lot less you than we usually think. You would be constantly giving pieces of yourself away and receiving pieces of others. Life, both as moment-to-moment survival and as the long evolutionary arc, would be much more collaborative and entangled than we currently think of it.

It’s been 160 years since Darwin debuted the theory of natural selection, and in that time, the idea that we are all fundamentally discrete and selfish actors has been absorbed into everything from xenophobic political sloganeering to free market economic modeling. To think that a soldier might return home to Idaho from Afghanistan as a genetically different organism and might lend those genes to people in her community; to think that a child in the custody of Border Patrol is already irrevocably becoming a citizen of a new country; to think that a complex multiscale organic mesh, mostly encountered in the vicinity of Kleenex, has the potential to upend an entire way of viewing the world—that’s bound to give a person pause. Here is mucus, a sort of genetic bazaar where we swap actual functioning pieces of ourselves back and forth. Here is mucus, this peculiar borderland where antagonistic entities from the exterior world are tamed, turned into cooperators, and incorporated into a dynamic functioning whole. I get the rapture these scientists must feel when they hold a vial of purified mucus up to the light. If we ever do learn how those thousands of species manage to cooperate in the dark hold of the human body, maybe it will give us a clue or two about how we as humans can get along.




II

Urine

Our eye asks our urine how we do.

John Donne, Devotions upon Emergent Occasions



Terms

n. piss, pee, peepee, whiz, wee, wee-wee, leak, water, piddle, tinkle, sprinkle, number one

v. take a leak, take a whiz, drain, empty, lift a leg, void the bladder, make water, break the seal, write one’s name (the Keatsian phraseology) in the snow, hacer pipí



[image: ]
Diagnostic urine chart, Epiphanie medicorum, Ulrich Pinder, 1506






Biological Prologue: Urinalysis

Over the course of any given day, a person usually evacuates somewhere between one and two liters of urine, though that quantity can be influenced by a variety of factors, from fluid intake to humidity levels to medical conditions and the drugs prescribed to treat them. The average quantity voided in any given session and the frequency of these voids are widely variable and difficult to assess, given the vast number of confounding factors. Some go more than six hours between voids, while others must urinate before two hours have passed and rise throughout the night, as well, to make their pilgrimage to the toilet. Broadly speaking, though, women tend to void less urine than men and do so more often, and everyone tends to urinate more frequently as they age and their organs become less efficient. While you can’t divine every malady from urine, as some medieval uroscopists believed, urine output is indicative of the health of the kidneys, bladder, and urethra, and a number of serious medical conditions—obesity and hypertension, to name two—are associated with frequent urination and nocturia (urinating more than once at night).

Urination also has a psychological component. Overactive bladder, the frequent feeling of a need to urinate, has no exact definition or pathophysiology, but it is associated with stress and anxiety. Upon being deployed to serve in the war in Iraq, for instance, many soldiers reported experiencing, alongside a cornucopia of mental health issues, a frequent need to urinate. And George Orwell recalled his first days away from home on scholarship at a boarding school and how his monumental struggle not to wet his bed in the night, and the beatings he received from the headmaster for these bed-wettings, cemented in his young mind a distinctly dim conception of the world:

It was possible, therefore, to commit a sin without knowing you committed it, without wanting to commit it, and without being able to avoid it. Sin was not necessarily something you did: it might be something that happened to you . . . this was the great abiding lesson of my boyhood: that I was in a world where it was not possible for me to be good.

Urine is slightly acidic, slightly denser than water, and, contrary to popular belief, far from sterile. The composition varies from person to person and moment to moment, but it’s mainly—about 96 percent—water. Much of what’s dissolved in this water is the body’s excess nitrogen, excreted in the form of urea, a colorless, odorless, highly soluble crystalline solid. At higher concentrations, urea can be used in the treatment of many skin conditions like dermatitis and psoriasis. At lower concentrations, it is excellent for plants, which use its nitrogen to divert the sun’s electromagnetic energy into chemical form. Urea also, when hydrolyzed by bacterial urease, turns into ammonia and carbon dioxide, giving old urine its pungency. Along with urea, there are also small amounts of chloride, sodium, sulfate, and potassium in urine, as well as an array of hormones and metabolic wastes that vary with diet. Notable in this mixture is urobilin—a chemical only recently discovered to derive from the decay of red blood cells—which gives urine its most distinguishing feature, its pale-yellow hue.

The evaluation of urine was one of the earlier forms of medical practice. A clay tablet at the British Museum records the Sumerian terms for the varieties of urine, which they knew as penis water [image: ] —from sinatu zalmi, dark penis water, to urpati sinatu, cloudy penis water—and an Assyrian tablet offers diagnoses for those with urine like beer dregs or beet juice or paint. What we now think of as laboratory medicine—the biopsy of a mole or the DNA sequencing of the viruses in one’s mucus—began with little more than a vessel and some urine. When you inspect the contents of your toilet bowl, you are reenacting one of the oldest known medical analyses.

Urinalysis still provides invaluable information, and the mere appearance of urine can tell you a great deal about the state of your being, though there’s a lot of misinformation out there. Despite what Verbal Kint maintains in The Usual Suspects, for instance, dehydration can’t cause your urine to “come out like snot.”* In general, it’s best to think of urine in terms of those color charts at the paint store where each hue is presented in different tints, tones, and shades. The color of urine acts as a clue to potential underlying conditions within your body, while the depth of the shade indicates the severity. Healthy urine is pale yellow, for example. If your urine is very pale or even clear, you’ve been drinking too much water, putting you in danger of developing hyponatremia, a potentially fatal sodium imbalance,* while deeper yellows and browns indicate increasingly severe levels of dehydration. Other hues can point to a range of issues, with pinkish-orangish urine indicating blood (enlarged prostate, bladder cancer, kidney stones) or possibly that you’ve been eating beets. Bright yellow means too many B vitamins, and green urine is caused often either by certain antidepressants or by blue food coloring. Purple is likely porphyria (if you want to be sure, put the urine under a blacklight and see if it glows pink).

Though the subject has not been explored in much depth, there’s also a lot to be learned from the aroma of urine. It isn’t only asparagus that gives a distinctive smell to the fluid, after all. Many substances—from coffee and tea to fennel, garlic, and strawberries—endow urine with their own unique aromatic compounds, and these scents carry with them important information about the body. Urine that smells of fish is a sign of the metabolic disorder trimethylaminuria, and urine that smells of ammonia is a sign of an infection in the urinary tract. Certain cancers give urine a distinctive scent that, while undetectable to the human nose, can be identified by dogs trained to smell human urine. Methoxyphenols, which have smoky or caramel hints, can indicate woodsmoke exposure of those near forest fires, and the inclusion of vanillin in pharmaceuticals can help doctors assess whether patients are abiding by their treatment plans. One of the first diagnoses by scent was for a once-rare disease that caused the extremities to wither and die. The disease was believed by Aretaeus to be “a melting down of flesh and limbs into urine.” Patients suffered from an insatiable thirst, but no sooner had they drank than they felt the urge to urinate. It was as if the urine was using the human body like a ladder, he noted. It was as if a human being could be subjugated by its own water. We recognize the disease now as diabetes, and the diagnosis can still be made as it was in Aretaeus’s time, by the sweetness of the urine’s smell.

Golden Ages

On an island off the coast of Sweden, human urine is now diverted from solid waste, dehydrated, and sold as a commercial fertilizer, and in Singapore, close to a billion liters of wastewater are captured and reused daily. Israel repurposes 90 percent of its sewage for crop irrigation, while several jurisdictions in Texas and California now capture their liquid waste, treating and recycling it into potable water. Indeed, the saving of human urine is now so commonplace that it’s hard to say when exactly human beings first began to keep their own urine. While it’s entirely possible that the earliest humans inspected their urine for clues to the function of their own organism, genetic analyses of migratory patterns depict a prehistoric population in near-continuous flux, and given this restless, wandering existence, it seems most likely their urine, if kept, was saved only briefly, on a case-by-case basis. Only with the Neolithic Revolution some twelve thousand years ago, and the ensuing shift to relatively stationary lifestyles, would the reservation of urine even have been given the opportunity to blossom into a concerted, culturally significant activity. And yet it seems little urine was kept.

The Cucuteni—maybe the first humans to live in cities—might have saved their urine, but in excavations of their dwellings along the lower Danube no archaeologist has discovered any evidence of the practice. And any hypothesis that the culture kept its urine seems untenable, given scholars’ suspicion that every sixty to eighty years the Cucuteni would ritually burn their own settlements to the ground. We can say safely that for the great pastoral nomads of history—the Scythians, the Xiongnu, the Huns—urine-saving in any substantial degree was simply an impossibility. We know from medical texts vitrified in the burning of Ashurbanipal’s library that the people of ancient Mesopotamia were aware of urine—what it meant when it could not be made, when it became clouded and dark, when it burned. But to judge from these texts and from the culture’s primitive sewers, it seems









OEBPS/text/nav.xhtml


Contents









		Cover



		Title Page



		Dedication



		Epigraph





		Contents





		Preface



		I. Mucus



		II. Urine



		III. Blood



		IV. Semen



		V. Menses



		VI. Milk



		VII. Flatulence



		VIII. Breath



		IX. Feces



		X. Vomit



		XI. Hair



		XII. Tears



		Epilogue: The Body



		Acknowledgments



		About the Author



		About Mariner Books



		Also by Cutter Wood



		Copyright



		About the Publisher

















Guide





		Cover



		Contents



		I. Mucus






















		iii



		v



		vi



		vii



		viii



		ix



		x



		xi



		xii



		xiii



		xiv



		xv



		xvi



		xvii



		xviii



		1



		2



		3



		4



		5



		6



		7



		8



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		19



		20



		21



		22



		23



		24



		25



		26



		27



		28



		29



		30



		31



		32



		33



		34



		35



		36



		37



		38



		39



		40



		41



		42



		43



		44



		45



		46



		47



		48



		49



		50



		51



		52



		53



		54



		55



		56



		57



		58



		59



		60



		61



		62



		63



		64



		65



		66



		67



		68



		69



		70



		71



		72



		73



		74



		75



		76



		77



		78



		79



		80



		81



		82



		83



		84



		85



		86



		87



		88



		89



		90



		91



		92



		93



		94



		95



		96



		97



		98



		99



		100



		101



		102



		103



		104



		105



		106



		107



		108



		109



		110



		111



		112



		113



		114



		115



		116



		117



		118



		119



		120



		121



		122



		123



		124



		125



		126



		127



		128



		129



		130



		131



		132



		133



		134



		135



		136



		137



		138



		139



		140



		141



		142



		143



		144



		145



		146



		147



		148



		149



		150



		151



		152



		153



		154



		155



		156



		157



		158



		159



		160



		161



		162



		163



		164



		165



		166



		167



		168



		169



		170



		171



		172



		173



		174



		175



		176



		177



		178



		179



		180



		181



		182



		183



		184



		185



		186



		187



		188



		189



		190



		191



		192



		193



		194



		195



		196



		197



		198



		199



		200



		201



		202



		203



		204



		205



		206



		207



		208



		209



		210



		211



		212



		213



		214



		215



		216



		217



		218



		219



		220



		221



		222



		223



		224



		225



		226



		227



		228



		229



		230



		231



		232



		233



		234



		235



		236



		237



		238



		239



		240



		241



		242



		243



		244



		245



		246



		247



		248



		249



		250



		251



		252



		253



		254



		255



		256



		257



		258



		259



		260



		261



		262



		263



		264



		265



		266



		267



		268



		269



		270



		271



		272



		273



		274



		275



		276



		277



		278



		279



		280



		281



		282



		283



		284



		285



		286



		287



		288



		289



		290



		291



		292



		293



		294



		295



		296



		297



		298



		299



		300



		301



		302



		303



		304



		305



		306



		307



		308



		309



		310



		311



		312



		313



		314



		315



		316



		317



		318



		319



		320



		321



		322



		323



		324



		325



		326



		327



		328



		329



		330



		331



		332



		333



		334



		335



		336



		337



		338



		339



		340



		341



		342



		343



		344



		345



		346



		347



		348



		349



		350



		351



		352



		353



		354



		355



		356



		357



		358



		359



		360



		361



		362



		363



		364



		365



		366



		i



		ii



		iv
















OEBPS/images/f002-01.jpg





OEBPS/images/f029-01.jpg
) I (=l IS LA





OEBPS/images/9780063048614_Cover.jpg
\\\\\iJ
O
B ‘Jl//////%

Q]

e\

4 2N Sz .
/ 3 //‘k_\ = ‘///MJ*-\*‘Q o
= LS

B






OEBPS/images/f026-01.jpg
e A o R P e

A
ol





OEBPS/images/tit.jpg
EARTHLY
MATERIALS

JOURNEYS THROUGH
OUR BODIES" EMISSIONS,
EXCRETIONS, AND
DISINTEGRATIONS

CUTTER WOOD





