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I should think that we might fairly gauge the future of biological science, centuries ahead, by estimating the time it will take to reach a complete comprehensive understanding of odor. It . . . contains, piece by piece, all the mysteries.

—LEWIS THOMAS
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I

 ♦


MYSTERY

START WITH THE deepest mystery of smell. No one knows how we do it.

Despite everything, despite the billions the secretive giant corporations of smell have riding on it and the powerful computers they throw at it, despite the most powerful sorcery of their legions of chemists and the years of toiling in the labs and all the famous neurowizardry aimed at mastering it, the exact way we smell things—anything, crushed raspberry and mint, the subway at West Fourteenth and Eighth, a newborn infant—remains a mystery. Luca Turin began with that mystery.

Or perhaps he began further back, with the perfumes. “The reason I got into this,” Turin will say, “is that I started collecting perfume. I’ve loved perfume from when I was a kid in Paris and Italy.”

Or maybe (he’ll tell you another day, considering it from a different angle), maybe it was “because I’m French, at least by upbringing. Frenchmen will do things Anglo men won’t, and France is a country of smells. There’s something called pourriture noble. Noble rot. It’s a fungus. It grows on grapes, draws the water out, concentrates the juice wonderfully, adds its own fungal flavor, and then you make wines like the sweet Sauternes. Paradise. From rotten grapes. The idea that things should be slightly dirty, overripe, slightly fecal is everywhere in France. They like rotten cheese and dirty sheets and unwashed women. Guy Robert is about seventy, a third-generation perfumer, lives in the south of France, used to work for International Flavors & Fragrances, created Calèche for Hermès. One day he asked me, ‘Est-ce que vous avez senti some molecule or other?’ And I said no, I’d never smelled it, what’d it smell like? And he considered this gravely and replied, ‘Ça sent la femme qui se néglige.’ “ (It smells of the woman who neglects herself.)

This makes him remember something, and he leans forward enthusiastically. “One of the stories I heard when I started meeting the perfumers and was let into their tightly closed world involves Jean Carles, one of the greatest perfume makers in Paris—he used to work for Roure in Grasse, near Nice, where all perfumes used to be made. He became anosmic, lost his sense of smell, and he simply carried on from memory, creating perfumes. Like Beethoven after his deafness. Jean Carles went on to create the great Ma Griffe for Carven, a result of pure imagination in the complete absence of the relevant physical sense. Carles’s condition was known only to him and his son. When a client came in, he’d go through the motions, make a big show of smelling various ingredients and, finally, the perfume he had created, which he would present with great gravity to the client, smelling it and waving its odor around the room. And he couldn’t smell anything!” Turin smiles, thinking about it.

The perfume obsession led Turin to write the perfume guide, which out of the blue cracked open for him doors into the vast, secret world in which perfumes are created, and there he started noticing little things that didn’t make sense. A weird warp in official reality. Plus there were the other clues, the small pockets of strangeness he bumped into in the scientific literature, carefully fitting these into the puzzle without even realizing it, without (as he’d be the first to admit) really understanding what he was doing. And somewhere along the line, between scouring the French Riviera for bottles of buried fragrances, pursuing (in his own very particular way) the strange triplets of biology and chemistry and physics, and prowling the library’s remotest stacks, randomly sliding into things he found there—something that due to his intellectual promiscuity he does a lot of—somewhere Luca Turin got the idea of cracking smell. But it started with the mystery at smell’s heart, which is not only that we don’t know how we do it. We actually shouldn’t be able to smell at all.

♦ ♦ ♦

FROM EVERYTHING WE know about evolution and molecular biology, smell does the impossible. Look at two other systems inside your body, and you’ll understand.

First, digestion. Human beings have evolved over millennia while eating certain molecules—lipids and carbohydrates and proteins in the roots and berries and various unlucky animals we’ve gotten our hands on. The tiny carbs and proteins are made of tinier atoms and molecules, and for your body to burn them as various fuels, evolution has engineered a digestive system for you. The system’s first task is to recognize which raw fuel it’s dealing with, so it can send out the right enzymes to break that fuel down, process it for us. (Enzymes are catalysts, molecule wranglers, and every enzyme in every one of our cells—and there are tens of thousands of different enzymes—binds to a molecule and processes it. Some break molecules down, scrapping them to use their dismantled parts, some zip them together, and some rearrange them for the body’s own purposes.) But in every case the enzyme “recognizes” its molecule by that molecule’s particular shape. Fat, thin, lumpy, rounded, oblong, rectangular. The enzyme feels some cleft in some molecule, fits its special fingers into it like a key fits into a lock. And if the shape of the lock and the shape of the key conform, bingo: Recognition! By shape.

And what gives a molecule its shape? We think of atoms as these perfectly symmetrical spheres, shining and frozen on labels of “Super-Strong!” kitchen cleaners, their electrons zipping around their nuclei like perfectly spherical stainless-steel bracelets. Since electrons move at close to the speed of light, if you filmed those cartoon atoms in motion you’d see a round electron membrane, a solid, buzzing sphere made of blisteringly fast-moving electrons.

But that’s kitchen-cleaner labels. The skins of atoms are actually made of the paths of their outermost electrons, but not only don’t they zip around in perfectly circular orbits, they carve an almost infinite variety of 3-D orbital grooves around their nuclei. If that’s not enough, atoms get shoved against and glued to one another in molecules, forming bulbous structures, or nonspherical structures with disks and oblongs. Imagine taking the giant inflatable balloons in the Macy’s parade, each one shaped differently, and pushing them against one another; their skins smoosh and warp, their bulbs and crevices contract and expand. So the electrons zip along in these new configurations, in elongated ellipses and valleys and sharp peaks and strange arcs. Which means that each molecule creates a unique shape that an enzyme can recognize as precisely as a retinal scan.

In fact, molecular recognition is arguably the fundamental mechanism of all life, and it is based on this single, universal principle: Shape. Receptor cells from your head to your glands and skin recognize enzymes, hormones, and neurotransmitters by their molecular shapes. The only variable is time.

The thing about enzymes is that evolution has learned over millennia that you’re going to need to digest (break down, make up, or molecularly rearrange) certain things—wild almonds and crab apples and dead squirrels (sugars, fats, and proteins)—and not others—raw petroleum or sand or silicate (fluorocarbons and borazines). So evolution has by now selected for you a complete, fixed genetic library of enzymes that will bind to and deal with a fixed list of molecules. (It’s not an exact one-to-one enzyme-to-foodstuff ratio, but it’s precise enough that it’s why your dog famously can’t digest chocolate, a culinary product his wolf ancestors never ate: evolution never selected for dogs an enzyme that recognized the shape of chocolate’s molecules, so if you feed them these molecules, they get sick.) And if just one enzyme is missing, you end up with nasty, sometimes lethal, diseases and disorders. You can dump the squirrels for terrine de lapin et petits légumes, it doesn’t matter: it’s the same lipids and proteins in your library, and as long as you don’t eat, say, plastic, for which you have no enzyme, your digestive system happily recognizes the molecules you consume, be it McDonald’s or the fifth course at the Clifton Inn. The thing to remember here, however, is time: enzymes stand ready to identify the right molecule instantly.

For contrast, take the immune system. Antibodies are designed (they have to be) to bind to things that weren’t around our ancestors, unknown bacteria and foreign parasites and each year’s new, nastier, mutated viruses we’ve never seen before. Your visual system can recognize things that weren’t in Homo sapiens’s evolutionary environment, like Ferraris and Star Wars and Barbra Streisand, and so can your immune system, but your visual system deciphers photon wavelengths while your immune system is feeling out molecules’ shapes. Here’s the difference. When it encounters a new virus, the immune system starts rapidly rearranging genes at random, spewing out antibodies until it hits on one that fits the invader’s shape, binds to it, and destroys it. (It’s the exact opposite of a “fixed library” idea; Susumu Tonegawa of MIT won a 1987 Nobel Prize for figuring this out.) So that’s why you’re at home for a few days with the flu. Your immune system needs time to break the invader’s shape code and produce the shape weapon to fight it. Where the digestive system is limited but instant, the immune system is unlimited—it “takes all comers”; but it also takes time.

But here is the problem. Someone hands you a molecule called a borane. You lift it to your nose. And without fail, you smell it. There’s just one catch: boranes were created by inorganic chemists at the beginning of the twentieth century and never existed in the ancestral environment of any human being. Yet we smell them. This is impossible.

The fact is that we have never found any molecule in the smellable size range that we could not smell instantly. This is the mystery of smell. You smell boranes instantly, not in a few days or weeks, even though you cannot have an evolutionarily selected receptor molecule for their unique shape. Smell is unlimited, like the immune system, and yet it is instant, like the digestive system. And everything we know about Shape and molecular recognition says this should be impossible.

We understand the human sense of vision intimately, down to exactly which vibration of a particle of light caught in the vision receptor in the retina will make us see exactly which color (a 1967 Nobel given for vision). We know hearing in exquisite detail, can predict with absolute accuracy which air vibration in the cochlea will create what tone (a 1961 Nobel for hearing). But of smell, we do not know, cannot predict. This is why smell is the object of two cut-throat races.

The first is scientific. This all-out race is being run in some of the most powerful labs (by the most competitive researchers with the biggest egos). The prize is the unscrambling of one of the most important secrets of biology, not to mention (everyone is betting on this) a Nobel Prize. An astounding 1 percent of human genes, we recently discovered, are devoted to olfaction. “So smell must be incredibly important for us,” notes NIH geneticist Dean Hamer, “to devote so much of our DNA to it. The only comparable system—and this was the big surprise to everyone—is the immune system, and we all know why it’s important to fight off invaders. This says smell was central in our evolution in a way that, presently, we don’t really understand.”

The other race is for money. Approximately $20 billion is generated every year by industrially manufactured smells, and virtually all these smells are made by only seven companies, the Big Boys, which split the billions among themselves. The Big Boys shroud themselves in secrecy to protect the public brand image of their clients. They make the molecules that you associate with the smells of Tide laundry detergent, Clorox bleach, and Palmolive soap, but they are also the actual creators of the superexpensive fragrances sold under the rarefied labels Calvin Klein and Chanel and L’Oréal, Miyake and Armani. The creation of a single commercially successful fragrance molecule represents tens of millions of dollars, and the Big Boys employ an army of chemists tasked with creating them. The way to create them is the magic formula.

This is why Luca Turin’s theory is as important as it is unknown. It is not only a new theory of smell. Financially, it implies a technology that threatens thousands of engineers and corporate executives, the investment of billions of dollars, and the industrial structures of massive corporations in North America, Europe, and Japan. Scientifically, it is a wildly revolutionary proposal contradicting a universal, bedrock assumption of biology—Shape—and positing an astounding, microscopic electrical mechanism that operates inside the human body and is made of human flesh. You might as well, fumed one furious scientist who heard about Turin’s idea, propose a new theory of digestion through tiny nuclear reactors in people’s stomachs. Perhaps the only thing odder than the theory is the story of how Turin actually came up with it, and then of what happened to him when he did, which is what this book is about.


 


II

♦


CREATION

IF LUCA TURIN collected you at London’s Euston Square tube station, he would lead the way enthusiastically down Gower Street to the biology building at University College London. If this was back when he was teaching there, when things were simpler, he’d take you up a large wooden stairwell and into his old office. The office, during his occupancy, looked like a hand-grenade test site. Transistors, wires, tubes, plane tickets, bottles of perfume, obscure scientific journals and copies of Vogue and magazines about airplanes, gadgets of every size and design, and God knows what else, and, everywhere, vials and vials and vials. Turin would dive in and begin selecting vials from among the hundreds spread out chaotically on counters. Each would contain a single kind of molecule. Each would have a single smell.

Turin can nail any odor descriptively in a few words. He’s generally not only exactly spot on, he gets incredible torque from the most recherché nouns. (His descriptions are almost entirely in the nominative; he uses adjectives rarely to never.) He screws off a cap, pushes over a molecule, and you look at the label: “cis-3-hexenol.” Cautiously your nose goes to the tiny opening of the dark, little bottle, shoulders tensed as if rounding a corner in a tight, dark space, eyes narrowed. “Cut grass,” says Turin, watching you. Two words, definitive. You sniff. The molecule cis-3-hexenol happens to smell—it is impossible to describe it any other way—exactly like cut grass, and very strongly. He picks up benzonitrile. “Shoe polish.” This structure of atoms smells overwhelmingly reminiscent of round metal tins of Kiwi shoe polish. He stands a foot away, looking intently down at you—he’s around six foot three, gangly frame, looks paradigmatically northern Italian (which he is), light brown hair receding in wisps from a Gianni Versace face that’s large and open and animated—and as you gingerly draw some molecule from the vial up into your nose states, “Scrambled egg, gasoline.” You’re smelling the smell, it’s filling your mind with a vague, inchoate presence. And the instant he says the words the smell snaps into concreteness, into realness, and the smell of scrambled eggs with gasoline is precisely, bizarrely, the smell filling you. (Turin speaks a grammatically perfect, highly inflected English, quite rapidly, with a totally American accent although he learned English in Britain and lives in London. So why the American accent. “I don’t know.” He shrugs. “I guess because I’d’ve had to decide which English accent, which is a major pain in the ass, given what that means here. The hell with it.” On the other hand, he uses British syllabic emphasis on words like laboratory—accent on the second syllable—and aluminium—the third—which, combined with the American accent, can produce an odd effect. Words in French and Italian, his two native languages, he invariably renders with their native pronunciations, as he does with Russian, which he speaks a little. Every so often, the faintest foreignness will appear in his English, generally as a slightly swallowed consonant; when he says “Fantastic!” which he does often, it sounds Dutch.)

“It makes everyone nervous, smelling,” he says re the vial, “because smell is such a strong sense.” Turin gives talks on smell to scientific audiences, and the squeamish reaction pisses him off. The intellectual squeamishness, too. “People will say, ‘But isn’t smell totally subjective?’ And I’ll say ‘What the hell does that mean?’ It’s not more subjective than color or sound. Real men and scientists feel slightly ridiculous smelling something. I’ll say ‘Let me show you some smells,’ and I start passing out vials and everyone titters, like I’ve just asked them to take off their clothes or something. It’s at the heart of the research problem, because experts on the biology of smell will put vanillin under ‘herbal.’ God. When I wrote the perfume guide, most of my readers were gay men, and most of my acquaintances assumed I was gay, which I’m not, not that I give a damn. Real men don’t smell things. It’s a female thing.

“For a perfumer there is no bad smell. All the great French perfumes, every last one, has some ingredient in it that is repulsive, like civet, this hideous and ferociously powerful extract from the butthole of a Chinese tomcat. Beaver pelt oil. Something. Americans dedicate their lives to the notion that shit shouldn’t stink. American perfumery is really, well . . . Americans have an obsessional neurosis about being clean. What do you call that?”

He thinks of something strange, mulls it over. “You know, there’s an aspect of smell that seems to be missing from the other senses. When you hear a piece of music, you can identify the composer, or if it is derivative, the composer’s main influences, by name. ‘That’s Bizet, that’s Glass.’ When you see a painting, you can do the same. ‘Oh, Miró.’ But when you experience a famous work of smell—Chanel No. 5, Shalimar, Charlie, CK One, Opium—though a number of them have actually been designed by the same perfumer, you can never identify their creator. There is no ‘signature’ in perfumes.”

He picks up a group of vials. “OK, these are great. Oxane.” He pauses and says, “Sweaty mango.” You smell it. It is, exactly, hot sweat on ripe mango. He grins, goes on, “That’s a single synthetic molecule they manufactured in a lab, a six-membered ring with an Oxygen and a Sulfur: phenomenal power. I heard the Quest chemists once accidentally dropped a hundred grams down the drain, and all of Kent smelled of mango for a few hours. The odor is a shimmering mixture of sweat and tropical fruit, with a ‘green’ marijuana-like note. Used in perfumery much as trombones in the orchestra, imparting an edge and rich bloom to virtually any composition.

“Vertelon: mushroom liqueur. Again, this complex odor you’re smelling is a single molecule. Mushrooms are at once clean and dirty; it’s a creature freshly born of decay. Vertelon clears a perfume, like when you pour paraffin oil on an opaque sheet of paper and watch as the paper becomes translucent. I am at present working on a mushroom-Oriental that will smell of sex, but clean sex.

“Gardamide: grapefruit and hot horses. This is the horse you get from removing the saddle after riding.

“Violet nitrile: steel cucumber. Aldehyde HC=O groups can be replaced with nitriles, which are CNs.” He sniffs this for himself, just to see. Thinks about it. Sets it aside and opens the next one.

“Cashmeran, a pure synthetic. Technically classed as a musk, it is actually a peculiar combination of a transparent sweet note with no precise character, a musty, wet-concrete note with camphorlike feel, and a fruity, blackberries note that pops in and out of focus. You just cannot believe that a single molecule has so many features. The musty, wet-concrete. The camphor. The fruit. The velvet. Smell that? Getting this molecule in your nose is like coming up close to a beautiful face and finding it’s made of independently ‘wrong’ features that add up to a fine harmony.

“Tuberose: black rubber flower. This is a natural oil, a complex mixture. This one’s smell evolves. The rubber is kinky, dusted with talcum. Then an almost meaty bloodlike smell reminiscent of carnations, and finally a ‘white flower.’ “ He pauses. Smiles. “Decorous but unquestionably poisonous. Fracas, the classic Piguet fragrance created by Germaine Cellier, was very close but made of different pieces. Bear in mind,” he notes, “this is several hundred molecules flying in tight formation.”

♦ ♦ ♦

LUCA TURIN’S MOTHER, ignoring the flow of Western History as she would more or less ignore all strictures life might try to place on her, emigrated from the New World back to the Old.

Adela Mandelli was born in the center of Milan, though just barely. The Mandellis were a tenth-century Milan family possessed of one of the city’s oldest names, as well as great wealth. (Adela never told Luca any of this; he discovered it one day, by accident, while nosing around the British Museum.) Her father was born in 1899, a diabetic. Not expecting their eldest son to live long, his parents indulged him, and by adulthood he had become a cultured aristocrat who had studied letters at several estimable European universities and such a compulsive and inveterate gambler that his father gave him a last lump of money and sent him to seek his fortune in South America. There, it was sincerely hoped, he would finally cease decimating the family fortune. He gambled the money away on the ship and arrived in the New World penniless, where he soon met the daughter of an anarchist who had been exiled from Lombardy for various political reasons. He married her and took her back to Milan, where they had three children, Adela the third, and where he attempted a decreasingly successful series of business affairs between Milan and Paris. His anti-Fascist political views were getting him into trouble, and just ahead of the ignition of World War II, when Adela was four, the family returned to Argentina, where his diabetes finally caught up with him. He died, just after the war, blinded by the disease, at forty-five.

Adela grew up in Buenos Aires and studied art history and in 1950 returned definitively to her father’s continent, where she finished her studies in Milan and then Paris. One evening in Turin, at a party of the architects and designers who orbited the prestigious magazine Urbanistica and its founder, Adriano Olivetti, some friends introduced her to a young man named Duccio Turin. She had something in common with the young architect, her friends pointed out: he was another Italian-Argentine who had gone against the current.

Duccio had been born in Italy into a family of Waldensians, an ancient, tiny Protestant minority. His father had married into a Jewish family, and when in 1936 his wife lost her teaching job under Mussolini’s anti-Jewish laws, the family emigrated to western Argentina. Professionally Duccio occupied the somewhat singular position of having trained as an architect, which he loved, but not particularly as a means to building things. What did intrigue him on a practical level was economics. He wound up fusing the two into a passion for the industry of architecture: how did one create building industries in impoverished countries and—particularly—how did rich countries impose inappropriate architecture on poor ones. He got a job with the United Nations Refugee Welfare Association as a young architect and town planner, which led to a position with the United Nations in 1951 as architect of a Palestinian camp, which is why Adela and Duccio’s first and only son, Luca, was born in Lebanon, on November 20, 1953. They gave him their Italian nationality. (He still travels on an Italian passport.)

The family left Lebanon for Paris, where Duccio worked for the Centre Scientifique et Technique du Batiment in Paris. They had a Spanish maid, from Valencia, with whom Turin spoke Spanish with a vaguely Argentinian accent he’d gotten from his mother. “He learned to read at age four,” Adela says, “because the Valenciana was analphabète, illiterate. She was about forty, and she couldn’t travel alone because she couldn’t read the metro signs. So I decided to teach her to read. Luca would wander in and watch us. And all of a sudden one day I found him reading headlines. I have an image of this small child holding a very big newspaper.” She spreads her arms out, clenches her hands around an invisible paper, opens her eyes wide. His parents exposed him to classical music, his father favoring Mozart and earlier music, his mother Beethoven and the Romantics. That same year, Duccio got a job with the United Nations and moved the family to Geneva. Duccio and Adela divorced there.

Their son was miserable in Switzerland. “When he started school,” says Adela, “he could already read, but in Switzerland one starts to learn at seven, and that’s it. And he was just going crazy. He would come home from school hysterical, breaking things. I asked for une dispense d’âge, letting him skip two grades. It became a state affair. I took him to a place where they gave him all sorts of tests. The tests lasted three days. At the end, they had this big convocation, very formal, where a man from the Department of Schools told me he was the most brilliant child they’d ever seen. But when they finally gave me the dispense d’âge, it was only of one year, so he found himself just as bored as before.

“His teacher told me, ‘In the teaching corps we don’t like brilliant children.’ I’ve always remembered her face when she told me that.” Adela muses on this for a moment. “I never took his teachers’ side. He would arrive home with the punishment of writing three hundred times ‘Je ne dois pas bavarder en classe.’ “ (I must not talk in class.) “My handwriting was very similar to his at the time, and we’d sit side by side and he would write ‘Je ne dois pas’ and I’d write ‘bavarder en classe.’ When he returned with bad notes in conduct, it made me laugh. When I was a girl and was bored I thought about other things.”

After a few years Adela, who had been working as a designer for Lanvin Castillo in the 1950s and ‘60s, moved with him to Paris and became art director of an advertising agency. “Luca didn’t have many friends.” She says this frankly. “He’s not someone who has lots of friends.” She makes a dismissive moue, shakes her hands to indicate many, superficial people. But the boy fell in love with the Palais de la Découverte, the Paris science museum at the bottom of the Champs-Elysées. That was where he saw the first image he’d ever seen on a color TV, when color TV was still pretty much experimental, a fruit salad with the color turned up way too high. He was eleven. He and his mother were living in the Latin Quarter, at the corner of rue Dauphine and rue Saint André des Arts, and he was attending the Lycée Montaigne. “I couldn’t accompany him everywhere, so he went off by himself. When he came back, he recounted to me what he’d seen. My head was elsewhere, but what thrilled and impressed me was his interest in absolutely everything. We lived like that. It was clear that I had my things and he had his, and he had total responsibility for his little existence.” Luca used to spend entire days at the Palais. He knew the museum by heart. He was famous for boring everyone to death with useless, disconnected facts, like the distance between the earth and moon in Egyptian cubits. He picked up information like flypaper.

And then there were the smells. It was a little odd. Adela, not knowing what else to do, took it in stride. “I think the first time it really struck me was the summer we rented the house at the beach on the Côte d’Azur. He was seven. And the moment we arrived in this strange place he set about systematically analyzing the smell of the thyme that grew wild everywhere.” She sits up straight, almost wary at the memory of it.

When she became manager of product and image design at the Upim chain of department stores, she took him to Milan. Duccio always spoke to Luca in Italian, so he swam immediately in the language. (Adela spoke to him in French, which she’d learned in Argentina from some Russian aristocrats who had fallen on hard times.) In Milan she founded, in 1974, a feminist publishing house for children’s books, Dalla Parte delle Bambine, which set itself the task of “denouncing society’s sexism on behalf of children through illustrated books.” It publishes today in Italian, French, and Spanish as Du Côté des Filles, “On the Side of the Girls.” On moving back to Paris, she founded in 1994 an antisexist organization that creates educational material and runs a website: www.ducotedesfilles.org.

Her leftist politics are contrasted by the Darwinian rightism of her son, essentially molded by his instinctively scientific view of reality. Adela, who labels him “anarcho-conservative” (Turin, for his part, couldn’t care less what political camp he falls in), attributes his political views “to his belief in genetics having a great deal to do with human nature.”

Duccio, for his part, was developing a scientific theory about appropriate technology, essentially creating an entire field. He was noticed. University College London, which his son would eventually attend as a student, decided to create a professorship in building and so sought out Duccio. He was made a professor at thirty-nine. The United Nations called him back as a deputy secretary-general to organize the famous 1976 Habitat Conference in Vancouver, to which he devoted two years of his life. After the conference, poised for greatness if momentarily exhausted, he left in his car for a vacation in Italy. On a highway near Turin, about thirty miles from where his father was buried, Duccio got in an automobile accident and was killed.

♦ ♦ ♦

IN 1982 AT age twenty-eight, just after he’d finished his Ph.D. in physiology at University College London and moved to the south of France to research at the Villefranche Marine Station near Nice, Luca Turin began getting seriously into perfume.

Villefranche is on the Côte d’Azur just east of Nice and west of Monte Carlo. It is an interesting hybrid of a place, an island of scientific research floating in a sun-drenched sea of aesthetic hedonism. Turin had a tenured position inside the Centre National de Recherche Scientifique (CNRS), the massive French scientific bureaucracy that runs most French scientists and, among myriad other institutes, the Villefranche Marine Station. One could mistake the marine station for a Club Med with test tubes. One of the many attractions of the place is the stunning library of the Observatoire de Nice, high in the hills above the Mediterranean, where observers and scientists can go and gaze down through the library’s wide glass windows at the sailboats and the tourists in or out of swimsuits lying far below on the beach, getting melanomas.

It was from this operational base that Turin launched a campaign of perfume reconnaissances. He carried out these sorties in the 1956 Peugeot 203 of a biology grad student named Philippe Béhé. Their boss indulged them. “We’d drive,” says Turin, “talk, think, listen to classical music on France Musique, discuss everything and nothing. We lived a completely separate existence.” He started with two fragrances from Caron, new editions of old perfumes, En Avion and Poivre.

The collection grew. While he was scouring the perfume shops of Nice, someone mentioned a Madame Pillaud of Menton, a French town on the Italian border. So they went. The perfume store turned out to be run with an iron hand by a woman of somewhere between sixty and ninety named Madame Claudine Pillaud, who appeared to be borderline psychotic and whose personal toilette—makeup and dress—made her very closely resemble a prostitute. She was both preternaturally suspicious—a paranoiac on a Lavrenty Beria scale—and sensationally vulgar. “Everyone comes in here and wants some cocksucking perfume!” she’d bellow, which was an interesting way for a perfume seller to view her clientele. At least she was consistent: she ran her store according to the iconoclastic economic principle that her perfumes were to be sold to customers only if she liked them. Should she decide at any given instant that she didn’t, she’d snatch the bottle from the counter, it would disappear into the store’s shadowy bowels, and that would be that. There was no appeal. The difficulty of actually completing a transaction with Madame was spectacularly compounded by the fact that she was given to violent mood swings.

Many of her perfumes were mundane, but she also had treasures, things no one had seen for fifty years. (Turin was once astounded to realize he was looking at a whole shelf of bottles of Coty’s Chypre.) She had been buying up the last cases of everything from everyone who had gone out of business and so in her basement had stockpiled the entire history of French perfumery.

Béhé and Turin regularly skipped out of the lab for the forty-five-minute drive to Madame’s imperium. The first time he walked into the store, he saw a bunch of rotund sales assistants, like in a bakery. He said, “I’m looking for an old perfume.” They said, “Ah! ça c’est Madame Pillaud qui s’en occupe,” and carefully stayed out of her territory. She materialized, looked him up and down. “Oui, jeune homme,” she said. Yes, young man.

“I’m looking for Diorama,” said Turin.

“Everyone’s looking for that,” she snapped, and then immediately, like the Sphinx, hissed at him: “What is the principal note in Bellodgia?”

Turin said, “Carnation.”

She blinked her viper lids, withdrew an inch. Well. She evaluated him with narrowed eyes. Reached her claw down into somewhere and slowly, slowly brought out the Diorama. “It was real Diorama,” says Turin, awed, “a one-ounce tester, the first postwar Dior perfume, not the crap you buy today for two hundred dollars on avenue Montaigne that bears no resemblance to the original fragrance.” He paid her a hundred dollars for it.

Then she snapped, “That’s nothing!” She disappeared into the depths and a moment later reemerged. He braced himself. She opened her hand, and he saw she was holding a bottle of Lucien Lelong’s perfume, which famously contained two dancers inside the bottle, a man and a woman embracing and turning, swimming inside the liquid. She wound it up, and it made music. He moved, entranced, to touch it. She smacked his hand, the arm clutching the bottle snatched it back, and she whisked the Lelong back down into the depths of the store.

Turin tried to be friendly with her. He tried to show that he had a genuine interest in the perfumes. He brought roses to put her in a good mood. It didn’t work. She had real collectors who came from far away. Who was he? Even Turin’s considerable charm slid off her. As he put it, she held the knife by the handle. He’d say, “I’m looking for Chypre.” She’d say, “I don’t have any.” He’d say, “What about that?” He’d be pointing at four bottles of Chypre lined up on the shelf directly behind her. “I don’t have any.” “That, right there.” She’d glare around at it, then turn back like a python curling its neck and state, “Ce n’est pas à vendre.” It’s not for sale.

Other days, she was velvet and cream. Delteil’s Shaina was unknown to Turin, and she simply offered it, spontaneously, as if it were her habit. “This is a good fragrance,” she allowed. “I’ll sell this one to you.” She even let him smell it first. “Sensationally wonderful,” he remembered. “Mystical. It was a great modern Oriental, up there with Emeraude.”

He drained the money from his salary and paid whatever she demanded.

And eventually, grudgingly, she began allowing him to buy some of her treasures, the classics from the 1800s to 1930s. She would drum her lacquered fingers on the counter, frown, and disappear to emerge with (you never knew what it would be) Futur by Piguet, Millot’s Crêpe de Chine (Turin: “Utterly great! Very famous, from 1929, powdery and sweet with a strong wood”), Lentheric’s Shanghai, Coty’s L’Origan. He wore them sometimes, both the men’s and the women’s fragrances. He liked the unusual old ones like Futur, a dry woody chypre, and, every time he could possibly find one, the marvelous creations from Coty’s glory days.

Béhé found two things odd about Turin. The first was that where he, Béhé, actually liked to keep the perfumes somewhat distant, mysterious, vaguely magical, Turin wanted to open the hood and get into the engine block, know exactly how they functioned. The second thing was that in all the time he spent with Turin, early mornings and late nights and long drives, he never, ever once saw him yawn.

Many houses were issuing new editions of their old fragrances. The reissues, which bore the names of their originals but frequently differed molecularly, were in part a matter of cost and in part a matter of law. No one dared use the magnificent ambergris tincture or iris of Florence anymore, as their prices per ounce had rocketed past the possible, if not the thinkable. Wonderful molecules called nitro musks—one was the molecule musk ambrette, a Swiss creation—had been used commonly for years, but the Big Boys and, more important, their regulators realized they were toxins and replaced them with other molecules, a trade-off that brought safer molecules with less smells. And then there was the adulteration of changing tastes. “Among the Caron reissues,” says Turin, “until 1984 they were top level, and then some you could tell they’d started slightly inflecting the formula to make them more palatable. Tabac Blond was the oddest of the greats, a profoundly strange fragrance, and was thus, of course, the first to be sacrificed.”

Sometimes they would go to Paris. Walking down rue Dauphine in the Sixth Arrondissement they found a store specializing in old perfumes. Turin spent hours talking to the young man who ran it. “He was mad about perfume, crazy, totally, utterly obsessed. He died of AIDS. He wore Shanghai, a woman’s fragrance. Ginger, very unusual. It’s one of only three fragrances I know of that use ginger. I bought a bottle of Coty’s L’Origan from him and gave it to a good friend of mine. She used it in two weeks and said, Have you got any more? I said, You have just used the last bottle of L’Origan in the known universe.”

At the same time, Turin was pursuing his science. He was doing biology, at least officially, but up at the Observatoire de Nice he was dipping into chemistry, and also they had fantastic physics going on, so he started spending time browsing physics in the library. “I’ve always been interested in everything. I’m reading chemistry books at night for the heck of it, physics in the morning. I find that physics is like oysters—it’s best first thing in the morning—so I always have these physics books in the loo.”

♦ ♦ ♦

ONE DAY AROUND 1985, Turin was hanging out in the Villefranche library, the solar-heated cobalt-blue sheet of Mediterranean far below, rummaging through old scientific journals. For no particu-lar reason he picked up one called Chemistry and Industry. Flipping the pages he noticed a paper on . . . smell. “Odor and Molecular Vibration.” He flipped to the front for a second to check: 1977. He flipped back and read through the paper. It proposed a radical idea, one purporting to reveal the secret key to smell. He thought that the whole thing was, as he put it later, “complete crap.” Its author, a Canadian named R. H. Wright, was basically just pushing an idea already proposed by an English scientist named Malcolm Dyson in 1938. And Dyson’s idea was—to be polite about it—highly unusual.

Dyson had become conscious of a specific, amazing power of the human nose: we can smell and instantly identify the actual atoms hidden inside a molecule. A sniff, and we know: “Nitrogen atoms in here,” “Sulfur atoms in here.” And we never get it wrong. What’s more, we can tell every molecule apart from every other. When you encounter “rotten egg” smell, you know there’s Sulfur in there. No other atom smells like that, and you never misanalyze that atom. In 1938, Dyson had delivered a paper titled “The Scientific Basis of Odor” to the British Society for Chemistry and Industry. To those serious-minded fellows, peering down at him from the wooden benches of the Oxford amphitheater, he had said: It seems, gentlemen, that the human nose somehow houses some sort of spectroscope made of human flesh. At which point the eyebrows of the fellows of the British Society for Chemistry and Industry shot upward.

A spectroscope is a well-known scientific instrument that, alone in the world of all instruments, has an amazing power: give it some substance, and it can faultlessly identify the atoms inside—“Sulfur in here, Nitrogen in there”—and the molecules they make up, and it does this by measuring molecular vibrations. All molecules pulse with vibrations. They shimmer and wiggle and sing with the vibrations of the electron strings that hold them together, which means molecules are, oddly enough, a sort of musical instrument. Think of microscopic metal Calder mobiles, weighted clumps of atoms connected by springy electron bonds. Mobiles and wind chimes, when struck, usually move only one way: round and round or back and forth. Electron bonds move in and out or side to side, and the more there are in a single molecule, the more complex a wiggling, vibrating motion the molecule will have, and the more notes it will sing. Each molecule gives rise to its own unique set of vibrations, of notes. A spectroscope identifies a molecule by the song it sings.

An atom is a cloud of electrons frenetically orbiting a hard core of protons and neutrons. A molecule is just atoms glued to other atoms. Could be two atoms, could be two thousand. (There are 112 known types of atoms, but the vast majority of common smellable molecules are built of only five: Carbon, Hydrogen, Oxygen, Nitrogen, and Sulfur.) Atoms glue to each other by roping themselves together in cords of electrons. Somewhere in microspace, a Carbon atom approaches a Nitrogen atom. The Carbon’s electrons zip around it in a ball, and the Nitrogen’s as well, two buzzing spheres. The space between the two diminishes toward zero, their pulsating surfaces kiss—and suddenly one of the Carbon’s outermost electrons arcs outward, encircles the Nitrogen, and tightly lassos it like an electric rope, smooshing it toward the Carbon. And the Nitrogen’s outermost electron curves like some rogue meteor at lightning speed and envelops the Carbon. Each of these two tiny electrons now orbits both atoms, binding them together like taut double ropes. Which makes the two atoms now one molecule: C=N. (Read that “Carbon double bond Nitrogen.”) Each of the ropes is called an electron bond.

The thing about these electron bonds is that they are elastic. Pull the atoms apart and release them. Depending on the strength of the spring and how much the atoms hanging off those springs weigh, each combination of atoms will sing a note just as a piano string, plucked and quivering, sounds its B flat, or its G. Some bonds vibrate lazily at a slow, deep bass, some quiver at slightly faster tenor notes, or brighter altos, or high-pitched sopranos. And like every piano string (a D string only plays a D), every combination of atom-and-bond is tuned to its one particular frequency, can only sing its own note. That note—that vibration—is what scientists call a “wave number.” Look at a wave-number spectrum: there are only eighty-eight vibrations in a piano (eighty-eight keys from lowest to highest on the keyboard), but wave numbers run from 0 to 4000. Imagine a keyboard of four thousand keys. (Actually, on this instrument you can play notes between the keys, too, which means that you basically have an infinite number of notes.)

And if each atomic bond sings one note, every molecule is a fistful of these notes, in a unique combination, which means that each molecule is a chord. These bonds—these molecular chords—are what a spectroscope plays.

It plays them by using a familiar phenomenon: resonance. Stand at a piano with the lid open, hold down the sustain pedal, and sing a note. Then listen. You’ll hear the piano softly singing your note back to you, because the piano strings matching the frequencies in your note will have been struck, will be resonating, responding. A spectroscope does exactly this: it shines light of thousands and thousands of frequencies at a molecule, and reports exactly which faint, atomic, vibrational echoes at exactly which frequencies are responding to its humming light. Light at frequency 1342.88 pours into the molecule, plucks the electron bonds tuned to 1342.88, and they must sing back. It dusts the mysterious molecule for an audible fingerprint.

Try another analogy. “Imagine,” says Turin, “a large pendulum swinging back and forth. De de de de de de.” He moves his finger back and forth rhythmically. “A pendulum with a particular height and a particular weight inherently swings back and forth at a particular frequency. Fine. How do you add energy to the swing? You can only do it if you give pushes at the pendulum’s natural frequency, when it’s moving away from you at just the right intervals. Do, do, do, do, back and forth.” (He hums the notes; the finger moves ever higher.) “Push at the wrong interval”—he pushes his hand jerkily, out of sync, and it crashes into the oncoming imaginary pendulum, which slams to a halt—“and you just counteract the energy.”

The expression “We’re on the same wavelength” captures it. The best way to sway a person emotionally or intellectually, to get them to say “Yes!,” is by hitting them with ideas that correspond to their natural mental frequency: tell them what they already believe.

What is sort of confusing, incidentally, is that if you add energy by shooting in more photons, pouring in more light, the vibration doesn’t speed up. It just “gets bigger.” But there’s an example of this that everyone’s experienced: Blow across the mouth of a Coke bottle; you get a pitch. Blow harder; the pitch gets louder, but it stays the same pitch. The Coke bottle’s mouth has one innate pitch. Of course, it’s the same with a piano string. G strings will always play G, struck softly or loudly. The string has an inherent G-ness. So do electron bonds.

It’s why spectroscopes are the detective tools of the molecular world. They play the electron bonds together, listen to their chords, and because the vibrations reflect the weights and connecting bonds of the atoms, each molecule’s song is a foolproof identity card, its wave-number fingerprint, allowing us to identify it with absolute precision. You come across some strange molecule. You have no idea what atoms are in it. You want to find out. You take the molecule, you put it in this machine, the spectroscope, and you turn it on. The spectroscope aims its laser at the molecules and cuts loose with a blast of photons, particles of light. Billions of photons slam into your molecule, and the spectroscope puts its ear to this humming glob of atoms, its vibrating electrons bonding Oxygen to Carbon. The O-C bonds sing their unique wave number, the spectroscope tells you what it’s hearing—and you know: “Oh, there’s Oxygen bonded to Carbon in here.” Read all the vibrations, add them all up, and you know what the molecule is.

Take the simple ester named methyl acetate, CH3-C(=O)-O-CH3. (It’s a molecule with a sweet smell, sort of ethereal and not very long lasting.) Like a musical chord with the vibrations C, E, and G—a combination of vibrations that any musician could, with dead certainty, identify: “Oh, C major”—methyl acetate’s vibrations all form a specific chord. (The formula, by the way, for figuring out how many vibrational notes are in any molecule is simple: add up the total number of atoms in that molecule, multiply by three, and subtract six. So if your molecule has five atoms, it thus has 5 * 3 - 6 = 9 different vibrations. Which is to say the molecule plays its own unique nine-note chord on this keyboard of four thousand wave numbers.) Methyl acetate has eleven atoms, which means it has twenty-seven notes. Its lowest note happens to vibrate at wave number 97. Its top note, way up the scale, is at wave number 3004. Once you know the notes, you know with dead certainty that this is methyl acetate.

You write musical notes in standard musical notation, of course. A single note—say, F in the treble clef—is written like this:
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So how to write down just one electron note in a molecule’s entire, complex chord? Write that one electron’s wave number. Pick some electron string binding a Nitrogen atom to a Sulfur atom. Aim a photon gun at the string and pull the trigger. Wham. The photon slams into the string, making it rocket back and forth (let’s say) twenty-five hundred times per second. You can write down that single wave number like this:
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If you write the vibrations in a full chord of musical notes—G major seventh—this is what it looks like:
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In microspace, a Boron atom and an Oxygen atom bond to each other, plastered together in a high-energy embrace. The embrace sings a note. Stuck onto the B-O by another electron (which sings its own note) are a Carbon and a Nitrogen, which are bound to each other by a tight smear of two electrons. The smear sings two more notes. Write all the notes of the vibrational chord of an entire molecule—say, methyl acetate—and this is what it looks like:
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Only methyl acetate will have these notes. It’s as clear as G major seventh.

It happens that molecular notes are spread very unevenly over the wave-number scale. From 0 up to around 1500 you find lots of bass and tenor electron bonds. But there aren’t many altos, and there are very few electron sopranos; start looking for notes above 1500, and you find they’re spread pretty thin, only one every hundred wave numbers or so. Nitrile groups are altos, singing at around 2100. And then there’s nothing much until you reach 2500, which is the frenetic soprano of the S-H bond, Sulfur and Hydrogen. As far as Turin knew, nothing else in organic chemistry ever vibrated at precisely 2500 except the sulfurous, smelly S-H bond, “so if it’s vibrating at twenty-five hundred, you know it’s Sulfur, period, end of discussion.” Then trudge through another four hundred or so wave numbers of empty desert in which nothing ever, ever vibrates, till at last, on the outermost horizon, the electrons that bond Carbon to Hydrogen vibrate, shrieking, at 2900 or so, with the OHs and the NHs (alcohols and amines) at the very upper limit.
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Only spectroscopes can do this molecular detective work, dusting molecules for fingerprints, telling you, “This molecule has an Oxygen atom in it!” “This one’s got two Sulfurs!” H2S sings differently from FeH, whose pitches differ from C3O2. A box of glass and metal and lasers can identify all of them. Nothing else, no other machine, no other device, can do this.

Except the human nose.

And this was Dyson’s observation. Sniff something—a mango, an egg, a fizzing, just lit match—and you’ll effortlessly smell atoms, Sulfur and Hydrogen and Oxygen atoms. Carbons that are bonded to Nitrogens we identify by smelling their metallic oily odor, and Nitrogen-Carbon-Sulfur bonds (called isothiocyanate groups) give a molecule a mustardy smell. Amine groups (NH3) you can smell by the fishy odor they add to any molecule, and you smell nitro groups (NO2) as a sweet ethereal—or etherlike—odor. AsH2 (arsine groups) smell like cabbage. Wrinkling your nose at that “sulfur smell” is an atomic analysis absolutely diagnostic of Sulfur and Hydrogen atoms. Malcolm Dyson’s 1938 theory—that the nose was operating like a spectroscope—explained this.

And it explained something else: the Mystery. It solved the paradox that smell is both instant and yet unlimited. If you say the nose is measuring Vibration, the mystery, which exists only because of Shape’s well-understood limitations, disappears. With Vibration, smell could be instant and unlimited. Smell, said Malcolm Dyson, must therefore not be Shape. Smell must be Vibration. How else, he argued, how else in the world could human beings possibly smell molecules, all of them, instantly? The nose must be a spectroscope. The theory made eminent sense. It explained the facts, as all good theories are supposed to. It was logical, insightful, and ingenious. There was only one problem with it: it was absurd.

The absurdity was very simple: there was absolutely no way you were going to make a spectroscope out of meat, of human flesh. Spectroscopes have to generate infrared light, must have pockets that hold molecules, must be connected to energy sources, all of which adds up to a heavy, bulky, four-foot-long machine of glass and metal and wires that sits on your lab bench. It was ridiculous. Everyone told Dyson this in 1938, and they repeated it when Wright tried to revive the Vibrational theory in the 1960s.

This is what they said: It’s Shape. Smell is Shape. Every molecule has a unique combination of bumps and grooves and curves, as singular as a fingerprint, and when a smell molecule flies into the receptor, the receptor feels its shape all over, and says, “Aha! It’s this!” Shape (we know) is the way every other receptor works, from digestive enzymes to neurotransmitters to the immune system. So Shape must be smell. Smell is Shape.

Biologists split into Vibrationists and Shapists. The Shapists were led into battle against the Vibrationists by the English scientist John Amoore. Amoore had a powerful weapon, a strange pair of molecules called enantiomers.

Enantiomers are mirror-image molecules. Their shapes are exactly identical—except exactly reversed, literally reflections of each other, as if you were holding a model of one up to a mirror. But this means that smell receptors feel them as shaped differently, just as someone reaching out to shake your hand would feel a difference if you gave them first your right hand, then your left (even though your hands are virtually the same shape). That’s why the mirror versions of enantiomers are called R (from the Latin rectus, or right-handed) and S (sinister, or left-handed). And since the Right and Left versions have the exact same electron bonds, they have the same vibrations, and so sing the exact same song. So enantiomers—like the ones called carvones—have (as far as the receptor is concerned) different shapes, but they have the same vibrations (both R and S carvones have ten atoms and thus fifty-four vibrations, or notes). So far, unremarkable. The huge problem enantiomers posed for the Vibrationists was this: Shapists pointed out, triumphantly and repeatedly, that no matter how pure you made them, R carvone smells of mint. But S smells like caraway seeds. Same vibrations. Different shapes. And different smells. Smell, therefore, must be Shape.

And so, as Turin put it, “you’re screwed.” And by 1980, with Amoore pointing out the absurdity of a flesh spectroscope and Shapists chanting “Carvones!,” the Vibrational smell theory was.

Turin dropped the paper and went happily back to rummaging through old journals.

♦ ♦ ♦

THEN TURIN LEFT Nice and the observatory’s views. It was 1988. He went to Paris and the Pasteur Institute, one of the more prestigious, high-powered science factories in the world and the center of the universe for French biology. “And of course I was bored,” says Turin, “and looking for something different in my profession.” One thing he decided to tackle, because he thought it would be fun, was a tiny mystery. It happened to involve something he hadn’t much thought about before, called electron transfer.

In Nice, he’d happened upon a book on a thing called a polarograph, and he’d gotten interested. It’s a machine that uses pearls of mercury to give you a perfectly smooth, creamy surface in a water bath. You throw a handful of molecules into the water, connect the droplet of mercury to a battery, and measure different currents as electrons jump from the mercury to the molecules. The weird thing was, people had noticed that when you cranked the battery up to a certain voltage, the mercury would sometimes begin to spin like molten lava in a washing machine. No one knew why, and very few people cared. Which meant that Turin got hooked. This wasn’t his field at all, not biology at all, it was physics really, an alien realm that biologists didn’t usually dare enter, but he wasn’t intimidated, and he headed directly into it.

He was in bed—it was 1989—at 2:00 A.M. in his flat in Montmartre when the answer came to him suddenly in a single image. The details are complex; what mattered was that he was thinking about electrons, electron bonds, electrons moving places. He wrote up a paper and for the hell of it published it in the journal Soviet Electrochemistry, “because it was a cool journal.” (Also because he was curious how they’d translate it from the English into Russian, and then back into English for the international version. He happily considered after the exercise that the paper had gained something in the translations.) Then instead of getting out, he dove into electrochemistry and solid-state electronics, reading everything he could get his hands on. He became totally obsessed with electrochemistry for a year. People said, “Turin, what the hell are you doing? You’re a biologist.” His cheerful response was “Screw you,” and he kept on reading.

Because he was consuming these sorts of things, he found a paper by a scientist named Shinagawa called “The Semi-Conductive Nature of the Brdicka Current.” And because he’d waded through enough electrochemistry, he understood it. The paper suggested something strange: that it was theoretically possible to make proteins carry electrons, conduct electricity. This, everyone figured, was (with all due respect to Shinagawa) garbage. They’d already tried it. They’d taken pure proteins. Dried them and made tablets, something like aspirin. They’d put two wires on either side of the tablets and asked if current flowed through them. Yes? No. Proteins didn’t conduct. Everyone knew this.

Turin decided to see if he could make proteins conduct.

He wasn’t, in trying to do what people thought couldn’t be done, just being willfully perverse. Shinagawa’s argument struck him as solid. Also, a person could find a nice little publishing niche by writing up a proof contradicting the literature and What Everyone Knew about proteins. And also, yes, for the hell of it. But mostly it was because he had noticed something.

While working with the polarograph, he’d found it really tricky, this business of squeezing out these little droplets of mercury; the droplets tended to glom on to each other instantly, but in the 1920s people had noticed that a little bit of protein would prevent this. The protein acted like a nonstick cooking spray on the mercury drops, covered them in a very thin layer, like a one-molecule-thick film of butter.

Sparked by Shinagawa, Turin now thought this over. What would happen if you took two of these mercury drops, covered each with this single layer of nonstick protein, squeezed them up next to each other, stuck a wire in them, and sent an electrical current through both droplets and their protein layer? Would electrons flow across the protein? Because now you were no longer measuring thousands of densely layered proteins like in the aspirin tablet. You were measuring exactly two, an electron jumping from one layer of protein a single molecule deep to another.

He tried it. The electrons flowed. Proteins did indeed conduct electrons. Turin realized that everyone else had been wrong because this was the first time anyone had tried to make electrons flow between only one layer of proteins so that the electrons needed to jump only once. And so—now this was really fun—he set out to make a diode, a device that conducts electrons in only one direction, out of protein. Which protein? Well, how about albumin—egg white—because, he figured, it’s the cheapest protein you can buy. Egg white is a big protein, 50,000 daltons (atomic mass units). He made the diode. It worked. It was, in fact, quite stable. No one else had ever made a diode out of protein, animal cells, bits of biological material, so he got it patented. The patent title is “A Semiconductor Device with Protein as Its Active Element,” U.S. Patent No. 5258627. It’s listed on a webpage that someone keeps on weird diodes.

So he was spending a lot of time thinking about how proteins transferred electrons. And—in no obviously connected way—because of his perfume habit he also happened to be thinking a lot about smell. Which was perhaps why an American colleague approached him: Hey, Turin, the U.S. Navy is funding a project on olfaction, you should go for some DOD money. The navy wanted, it turned out, to smell submarines. Specifically, they wanted to make sensors that could smell the odors that spent ordnance, or the enemy subs themselves, left behind, the trail of their scent as they slid through the waters. So Turin put together an application to the U.S. Navy and sent it in.

Then something nasty happened. The incident forced a profound change in Turin’s life. He won’t talk about it. It happened in 1990, and it involved his chancing upon someone’s major scientific fraud (the someone being, unfortunately for Turin, a very important and powerful French scientist). This was followed by the bitter leveling of accusations, some hurried behind-the-scenes deal making, and the strong suggestion by the top people in the CNRS that Turin find another lab within a week. After which Turin made a few grim international phone calls.

One call Turin made was to an American neurophysiologist, a friend of his named Mark Dearborn. They’d met in England at University College London. Dearborn was now at the National Institutes of Health in North Carolina. Was there, Turin wondered, a visiting position for him at the NIH? It would (his bosses at the CNRS had indicated) be convenient to have an ocean approximately the size of the Atlantic between him and France. I’m on it, said Dearborn.

Turin moved to North Carolina in June of 1990 to set up shop at the NIH.

♦ ♦ ♦

HE ADAPTED EASILY to the move with the help of Dearborn and his wife, Anna. The Dearborns had a screened porch on their house, and most quiet Carolina evenings they ate dinner there together. Turin tagged along with them and their infant son on various trips, looking around interestedly at America and enjoying the South. It was in North Carolina in 1991 that two things happened, completely unrelated. Luca learned about the first at breakfast one morning on the porch, when Mark handed him the New York Times Science Times section over the table and pointed apologetically at an article about smell.

All biologists knew that people who researched smell had faced, for what seemed like forever, a galling, embarassingly fundamental problem: despite all efforts, no biologist had ever managed to find the receptor proteins for smell in the nose, the most basic parts of the smell machine, the pieces that actually grabbed the smell molecules. You couldn’t really work on the sense without them. Scientists had long ago turned up the receptors that received photons for vision, not to mention those handling digestion, the immune system, the reception of neurotransmitters, and on and on. But not, bizarrely, smell. They had to be there. There was even a forest of proteins people were hunting in, a huge, generic class of multipurpose receptors (they were called G-protein-coupled receptors because they used little things called G-proteins as their bike messengers to other enzymes inside the cell). These receptors had been worked out molecularly—a Nobel Prize in Physiology and Medicine for this—and everyone assumed the olfactory receptors were hidden, somewhere in the foliage of this vast class. For years several labs had been sending expeditions deep into the G-protein class, trying to flush them out. But the molecular reconnaissance had turned up nothing. The hidden smell receptors remained tantalizingly elusive.

Then along came a young molecular biologist named Linda Buck. She was at Columbia University, in the lab of Richard Axel. Axel is one of the big guns in molecular biology, brilliant and powerful and brusque. “Richard,” says one scientist tightly, “is not known for editing himself.” Axel is universally acknowledged to be both blisteringly smart and frighteningly ambitious.

Gambling her career on answering the Sphinx’s question of smell, Buck started searching the G-protein class for the smell receptors. After a long, frustrating search, she was sitting at her kitchen table one Saturday night, looking through data results, when she realized she’d found them. Buck and Axel published the smell-receptor paper together in 1991 in Cell, which is populated by the great sharks that swim in molecular biology. “In science currency,” Luca says, “Cell is AmEx platinum. The New York Times ran the study on the front page of its Tuesday Science Times the day before it came out in Cell, which is of course exactly where we all want to be. It was Huge, Sexy Science, and everyone was in awe. And jealous.”

The bottom line was that if a person happened to want to work on smell, that person now had the receptors he needed.

The second thing happened that summer, during a drive home from a trip to the beach near Beaufort, North Carolina. Turin and the Dearborns were in the middle of nowhere east of Raleigh near the intersection of Highway 70 and I-95 when Turin spotted some signs: CIGARETTES, and also LIQUOR, and then one that announced JR PERFUMES. LARGEST DISCOUNT PERFUME STORE IN THE WORLD. He and Anna looked at each other. Mark and his young son sat in the sweltering car with their dripping Tastee-Freez cones, waiting for Turin and Anna. An hour and a half later—“You couldn’t print all the names I called them under my breath,” says Dearborn—they emerged from the store. Turin was carrying a huge cardboard box he could barely see around, filled with perfume.

They spent the rest of the drive home smelling. Turin explained each fragrance, its creator’s oeuvre, its chemical provenance and molecular construction. The Dearborns were astounded at his breadth of knowledge and by how entertaining he made it. “Why don’t you just write a damn perfume guide and get it over with,” Mark said.

Turin decided he would.

♦ ♦ ♦

AT THIS MOMENT, Turin got word from CNRS that they’d no longer be paying his NIH salary. They wanted him back in France. He packed up and thanked the Dearborns. In Paris, he found that the new lab was unavailable for a few months, so he sat down at his little Mac in his mother’s apartment near avenue Wagram, his mother working at her Mac across the room, and started writing perfume reviews. As he finished, he handed them to her. With each one, she was more surprised. She’d only ever seen his writing on biophysics.

For the first three reviews, he didn’t even bother to smell the perfumes. He’d smelled them so many times, knew every molecular nook and cranny, each glinting facet as they revealed themselves to him over hours, that he just reached into his memory and pulled out the smells and waved the words into them. Vetiver by Guerlain, Rive Gauche by Yves Saint Laurent, Après l’Ondée by Guerlain.

Rive Gauche (Yves Saint Laurent)

Grâce à Rive Gauche, les mortels connaissent enfin l’odeur du savon de Diane au bain. . . .

Thanks to Rive Gauche, mortals can at last know the scent of the goddess Diana’s bath soap. A true emblem of the ‘70s, this sumptuous reinterpretation of the innovative metallic note found in the less fortunate Calandre (Paco Rabanne) belongs to the uncrowded category of sculpture-perfumes. Its seamless silvery form, initially hidden by white, powdery notes, soon pierces the clouds and gains height by the hour. Like Chamade (Guerlain), Rive Gauche enjoys a peculiar relationship with intensity: the more time passes, the stronger its grace becomes, as if fading allowed its inner light to radiate more easily. A masterpiece. A notable example of the perfect agreement between container and content, its atomizer of metal and blue stripes, at once precious and whimsically “industrial,” is itself an item of undying chic. The perfume seems slightly superior in quality to the eau de toilette.

Après l’Ondée (Guerlain)

Divinely named [“After the Rainshower”], a prototype of the cold and melancholy fragrance, this stunning creation is the counterpart—the brighter, fresher younger brother—of the mysterious L’Heure Bleue (Guerlain). Après l’Ondée evolves only slightly with time: its central white note, caressing and slightly venomous, like the odor of a peach stone, imposes itself immediately and retains its mystery forever. Its simplicity, its keen nostalgia, and its unadorned beauty make this an anomaly for Guerlain.

The current eau de toilette seems a bit attenuated, more timid than the marvelous perfume. Choose the latter.

Vetiver (Guerlain)

One of the rare perfumes so named that do not betray the character of this uncompromising raw material, Vetiver is a temperament as much as it is a perfume, above all when it is worn by a woman. Stoic and discreet, Vetiver scorns all luxury save that of its own proud solitude. At the same time distant and perfectly clear, it must be worn muted and must never allow itself to be sensed except at the instant of a kiss.

His mother edited his reviews. She was, he would say afterward, beaming. So was he. He found it one of the single greatest pleasures of his life. The images came pouring out, and Adela focused her critical energies on paring down the efflorescence. The descriptions took him fifteen minutes or they took five hours, depending, and every day when he had completed his three or four new ones, he felt incredible satisfaction. “I assume it’s what a movie director feels when he’s got great dailies in the can. When I managed to capture this awesome beauty and greatness in language, translating smells into black-and-white words on the page and making this ether tangible and real—that was thrilling.”

He pauses, thinks about the words in his head going down to the paper. “You know, perhaps the edge I have in turning smell into language is that for me smell has always had an utterly solid reality that, to my utter astonishment, it doesn’t seem to have for other people. Every perfume I’ve ever smelled has been to me like a movie, sound and vision, which to most people are thoroughly real senses—but not smell, for some reason. To me, smell is just as real as they are.”

He called around, took the manuscript to the large French publishers, Hachette and Flammarion and Gallimard and so on, “and most of them told me to sod off.” Someone said to him, You know, there’s a little outfit that puts out these guides. By the time the third person had said it, he was ready to find the company’s offices.

Hermé is actually a huge bookbinding company that, says Turin, “just decided to publish books so they could go to the parties at the book fairs. At the time they’d put in charge a complete scoundrel of a man, a very charming and a genuine French cynic. His attitude, delivered with an even smile, was ‘It’s a nice idea. We’ll take it. And you clearly know what you’re doing, but frankly if it wasn’t you and I’d thought of the idea, I’d have found some jerk in Paris who would have written a completely bullshit guide that would sell just as well.’ “ He shrugged and reached for the manuscript. Turin shrugged and gave it to him.

The book, called simply Parfums: Le Guide, was published in 1992 and became the best-selling perfume guide in France. Perhaps it was the fact that no one had ever done anything quite like it. Perhaps it was the lushness of the critical prose (“Caron’s Alpona juxtaposes a resinous candied-orange-peel idea with a civilized chypre base”). The FNAC, the French superstore, sold it. It was stacked twelve high at Sephora, the perfume giant (the manager of the big Sephora on the Champs-Elysées told Turin they gave a copy to each new sales associate, which pleased him). That officially it sold eight thousand copies made him figure the publisher had ripped him off—“They’ve probably sold four times more books than they’ve told me and just kept all the profits,” he says briskly—but so it went. He’d sort of expected it.

What he did not expect was that the guide would change his life in the most wonderful way by cracking open to him the hermetically sealed, well-hidden world of those who create perfumes.

Virtually all the smells in all scented products in the world are manufactured by seven huge companies that operate in carefully guarded anonymity: International Flavors & Fragrances (United States), Givaudan Roure (Switzerland), Quest International (Britain), Firmenich (Switzerland), Haarmann & Reimer (Germany), Dragoco (Germany), and Takasago (Japan). These are the Big Boys, the industrial giants of the production and sale of a specific, unu-sual product: molecules. Molecules that trigger the human sense of taste and, above all, the sense of smell. Taste is, actually, a dwarfish, minimally functional sense responding to only six different stimuli: sweet, sour, salt, bitter, umami (richness), and astringent; smell—which in point of fact gives us some 90 percent of what we taste—is thought to respond to ten thousand or so distinguishable molecular smells, but we only say ten thousand because (and this is literally true) we’ve thus far never touched the limits of smell’s power to detect odorant molecules. The Big Boys’ molecules generate roughly $20 billion a year in economic activity. They employ hundreds of chemists, molecular jockeys who spend their days welding atoms together to create new molecules with new smells. And, upstairs, they employ an army of perfumers, who spend their days mixing these molecules into new scented elixirs.

The Big Boys have two kinds of perfumers. The functional perfumers work with the Johnson & Johnsons, the Procter & Gambles, to scent Tide detergent and Palmolive soap and peach-vanilla candles and the fabric softeners that smell of a million mythical springtimes in distant countries we’ve never known. These corporate employees create the smell track of our everyday lives, which we barely notice and for which we pay billions of dollars. (A new furniture polish on the market: you open it, sniff—hmm, nice! Buy? Not buy? You sniff again. . . .) The Big Boys won’t tell you who they work for. Their names never appear on the toilet-paper label, the shampoo bottle. But where they get positively paranoically secretive is perfume. Because, in fact, all the golden liquid scents sold by the Giorgio Armanis and Vera Wangs, the Ralph Laurens and Jean Paul Gaultiers from their houses of fashion in New York and Paris and London and Milan, these expensive concoctions being sprayed on models and celebrities in the photographs and rip-open ads in the glossies—these scents are not, in fact, created by Mr. Armani or Ms. Wang or Mr. Lauren at all. They are made by professional ghosts working in the locked offices and labs of the Big Boys. These haute perfumers, carefully anonymous and discreetly faceless, are the ones who actually craft the fragrant elixirs in little jeweled five-ounce bottles slipped into boxes that are sold under the names Gaultier and Wang in the department stores’ glass cases.

It is the perfumers who transform the confidential briefs from the religious visions and aesthetic hallucinations at the houses of Dior and Calvin Klein and Givenchy—obsessions and poisons and envies and joys; “We want the smell of old melting candles in ballrooms of Italian marble during a Chinese winter,” “Give us the fragrance surrendered by a young blue flower crushed under the heated, ivory back of a woman with chocolate eyes,” “We must have the scent lightning makes the instant it strikes a platinum rose.” The perfumers turn these visions into structures of neutrons and protons and electrons welded together that make our eyes suddenly open, make us sit up, turn and inhale, molecules that blossom and flame, molecules that spin stories.

They never speak to the media. They may quietly attend their chemical offspring’s launch parties at Issey Miyake and Donna Karan and Anna Sui (staying out of range of the cameras—to you they’ll just look like one more guest), glass bottles lining the walls, or watch from the back as Thierry Mugler and Jean Paul Gaultier are strafed by the flashes. Then they go back to their offices and labs and get back to work transforming more emotion, desire, and smart marketing into actual chemical potions that can be sold and bought. It was the creations of these nameless creators that Turin had dared to transform into language in a book, and to evaluate and judge. And the faceless creators were fascinated.

At first they thought Turin was a spy. That was the rumor. A professional perfumer using a pseudonym? A rogue in the industry? Possibly a thief of some sort. (Son of a bitch.) He wasn’t. They thought he was one of them, secretly putting his prose together in the office down the hall. He wasn’t. Which made them even more intrigued. A scientist? Yes, a chemist, apparently—no, no, a biologist. Some kind of professor, believe it or not. Suspicious, they checked his curriculum vitae. Well, what did he want? He wanted to meet them was what he wanted. So they obliged. Naturally, they were not uniformly elated. He had not spared anyone’s feelings. He was writing in the trade magazines now, in English, and he acted as if he owed nothing to anyone.

57 for Her (Chevignon) *

Chevignon is a fashion house of such toe-curling vulgarity that one finds oneself hoping that they will never come up with a good fragrance, for one would then have to praise it. Fortunately, that possibility remains as remote as ever. 57 for Her is a sad little thing, an incongruous dried-prunes note with a metallic edge that manages the rare feat of being at once cloying and harsh.

And this.

Python (Trussardi) *

The absurdly named Python is a poverty-stricken sweet-powdery affair, a very distant relative of the wonderful Habanita (Molinard). It belongs in a tree-shaped diffuser dangling from the rearview mirror of a Moscow taxi.

It made their hair stand on end. On the other hand, there was this.

Paradox (Jacomo) *****

Beauty itself, as with faces, is not simple: perfumes can be handsome (Mitsouko), graceful (Calandre), gorgeous (Joy), comely (Shalimar), radiant (Tommy Girl), exquisite (Après l’Ondée), stunning (Angel). Reader beware: Paradox is, to paraphrase something once said about Scriabin’s music, a perfume of “almost unbearable loveliness.” One of the properties of loveliness is that it disarms all attempts to be serious, and turns all critical machinery into a pile of whirring junk. What I find all the more irritating is that Paradox isn’t even “my type.” It is, after all, yet another fruit salad of the type that has kept perfumers gainfully employed since Deci-Delà. But this fruit salad does something that it has no right to do: break hearts. If this were music, it would be Bizet’s Symphony in C. If it were a car, it would be a Facel-Vega Facellia. If it were an aircraft it would be a 1959 Caravelle in Air France livery. Anyway, go smell it.

And this.

Rush (Gucci) *****

Gucci hasn’t put a foot wrong for some time, both Envy perfumes were landmarks, and expectations were high for their latest. The first sniff gave me a shock of recognition, like a long-forgotten but familiar face, and I spent a few busy minutes dredging my memory for the original impression . . . Dioressence! Not all of it, mind you, just a bit I loved, which in the original happened two or three hours into the story and felt like a warm breath whispering crazy things in my ear. That breath is back, now strong, loud, irresistible, a sultry wind fit to keep everyone stark awake and plotting indiscretions. . . . The charm of this perfume is entirely man-made, no mention of Nature, e.g. flowers, etc. This thing smells like a person. To be exact, thanks to the milky lactone note, it smells like an infant’s breath mixed with his mother’s hair spray. . . . What Rush can do, as all great art does, is create a yearning, then fill it with false memories of an invented past . . .

This, words that turned their scents into concreteness, they had never really experienced (except perhaps in the classified briefs they received from Kenzo and Hugo Boss, but those were theoretical marching orders, not synaptic evaluations of the olfactory work they’d wrought). So they began sending out feelers. Turin got messages from legendary names he’d heard, people the public never knows who do the work sold under the names the public does. He got a call from Françoise Caron, née Françoise Cresp, a member of one of the most important perfume families in Grasse and the former wife of the legendary Pierre Bourdon, who did Cool Water. Although his guide had said nothing but bad things about her Gio for Armani, Caron asked Turin to pay her a visit. She was a top perfumer at one of the biggest Big Boys, Quest International, at their offices in Paris. Turin swallowed hard and knocked on their doors. They let him in, introduced him around; he met all the perfumers and found that most of them had read his guide, that they took it and him seriously. He met the perfumers Christopher Sheldrake, and Gilles Romey, who told Turin he had loved the guide, and Maurice Roucel, the perfumer who had created one of his favorite fragrances, K by Krizia, the Milanese couturier.

He was euphoric at being admitted to this closed world. They told him secrets, perfume stories. He met (he could barely believe it) the legendary Guy Robert, and listened with quivering attention to Robert’s regal recounting of anecdotes of all the famous scents and their creators. (How did Chanel No. 5, one of the greatest perfumes of all time, happen? Well! they said, you see, there are several versions. Some say on the question of the name that the legendary perfumer Ernest Beaux had been messing around with aldehydes and had prepared several samples, and Coco Chanel, called Coco because she threw the most fabulous cocaine parties in Paris, chose the fifth sample. Others say that no, it was actually Beaux’s assistant who screwed up the sample Beaux presented to Chanel, put ten times as much aldehyde in the concentration as was specified. Coco loved it, and when Beaux smelled it he realized it was a mistake but didn’t dare say anything to her, so Chanel No. 5 is actually a wildly successful error. Take your pick.) And since Turin had never been in a perfumery lab—Could he see? Please? Certainly he could—they whisked him through halls and halls of glass and metal, thousands of vials of patented, proprietary molecules, plump files stashed in reams of cabinets filled with precious industrial secrets, yard after yard of formulas and structures of molecule upon molecule, the precious corporate data generated by an army of perfume chemists trying to create new smells that would generate billions of dollars for these industrial giants.

As he poked around, they started putting a few questions to him about their creations. What did he think of this one? Was that one beautiful? Surprising? Insouciant? Classic? Reserved? Would this sell? Would that? His ability to describe odors in words mesmerized them. One day he was in Françoise Caron’s office, and she asked him what he thought of a new fragrance. It was something she’d created for Escada. He inhaled it, said it was wonderful, that it was like one of those silks that has two colors to it, depending on how the light strikes it. Caron gave him a long look. She reached into her desk and pulled out the brief from the people at Escada and handed it to him. She pointed: Read there. He read, “We want it to smell like the silks that have two colors in them, depending on the light.”

Then there was the science of it. The chemistry, specifically. He started meeting the molecule wranglers, including Charles Sell. Sell was a Briton based at Quest’s headquarters in Ashford, Kent, an hour southeast of London. Trim and controlled with gray hair and an unflappable professional manner, he ran a team of Quest fragrance chemists. His first lieutenant was Karen Rossiter, an attractive young woman and an up-and-coming chemist at Quest. Sell showed Turin all around. Turin had a great time. The two hit it off—Sell’s knowledge of perfume chemistry encyclopedic and Turin’s interest inexhaustible. The chemists working away in their white lab coats were doing amazing three-dimensional modeling of the shapes of all sorts of atomic structures that had this or that smell because smell was Shape, and all the secrets of smell were to be found in the shapes of molecules. (Turin leaned closer to the screens.) Sell’s responsibility at Quest was the creation of new smells, which meant creating molecules that had never existed before, which by definition meant smells that had never existed before, since no two molecules have ever been known to have the exact same smell. Sell and his team had lately been using computers, the computers’ purpose being to predict smells. The prediction of smell determined, after all, the productivity—and profitability—of the industry: how efficiently can I predict what some purely theoretical molecule will smell like without actually going to all the trouble and time and expense of actually building it?

Turin watched molecular shapes flashing rapidly across screens and heard chemists saying, “Well, if it’s spherical here and here, it must smell like fresh cedar or burnt sugar.” As he took all of this in, seeing what was required for the smell chemists at the Big Boys—Givaudan and IFF and Firmenich and Takasago—to produce a single, marketable smell molecule in their vast, sparkling labs, he was . . . startled. Taken aback, thrown in a way he couldn’t put his finger on. It wasn’t actually the science that struck him at first. What made him frown initially was the economics.

Consider the way Sell and other chemists made smell molecules. First, Sell essentially took fistfuls of atoms and pieces of molecules he hoped would be interesting (often parts of previous smell best-sellers) and went about putting them together in as many new ways as he could, electrons embracing atoms bonded by other electrons. This created hundreds or thousands of new-shaped molecules. When automated, the process was called, logically, combinatorial chemistry.

It wasn’t random. Sell did have some guidelines. Fragrance chemists wanted to make patentable molecules, so they tended toward “theme and variations,” took a structure that smelled good and was decently easy to synthesize and started sticking things on it—methyl groups, ethyls, aldehydes. And they only had a certain number of atomic ingredients to play with. They weren’t going within a thousand miles of, say, the malevolent fluorophosphonates, which include sarin, a notorious chemical weapon, and which react with absolutely everything, generally in a way that kills it as quickly and painfully as possible. And they would stay away from groups known to smell bad, like isonitriles and sulfides, or to give toxicity problems, like nitros. So it wasn’t just anything and everything. But when you got down to it, it was basically a shotgun-blast approach: load, fire, see what comes together, and repeat—random recombination chemistry. In the end Sell would wind up with between five hundred and two thousand (the chemists, forever cagey, would never reveal to Turin exactly how many) different new molecules per year.

Now, having created them, Sell began sorting through the new inventions one by one, smelling and testing each, a ruthless, painstaking process of attrition.

Ninety-five percent didn’t smell interesting. So he tossed those out, which meant he had only 5 percent left. Of the interesting ones, many were too weak to use; the customer would have to pour a full pint or so on her body—impractical. So he tossed another 95 percent.

Which meant that after the chemists had painstakingly sorted through a couple thousand molecules (and the company had paid many salaries to the many chemists doing it), maybe twenty molecules remained that were both interesting and sufficiently strong smelling. The smell chemists wrapped these up carefully, said a prayer, and sent them upstairs to the perfumers.

The perfumers sat in their sleek offices in Geneva and Paris and New York, their smelling strips wet with new scents, and stared out their windows trying to think of uses for these things. They’d worked miracles in the past, pulling them out of their bag of tricks, molecules that had launched the megaperfumes, and the megabrands. Tipped pitchers of aldehydes into Chanel No. 5. Pumped dihydromyrcenol, a citrus-lime, into the engine blocks of Drakkar Noir and Cool Water, run Escape by Calvin Klein on Helional. Cast musk R-1 prominently in Tommy Girl and powered Beautiful for Estée Lauder and Calvin Klein’s Eternity with Iso E Super. But that was last year. The new briefs with new corporate desires kept landing on their desks. Tom Ford was dreaming of a perfume that smelled like fresh cherry wood licked by a green-hot oxygen fire in a Balinese temple, Marc Jacobs absolutely demanding a blossoming daffodil floating on an ocean of smoky Siberian snows—would these molecules work? (The perfumers sifted through their bags.) Was there a smoky metallic here? A wood in green flame? And the answer, statistically, was probably no. In basements beneath the perfumers, gathering dust, were vast, ever expanding glass-vial graveyards of molecules the chemists down below had proffered to them and which they had discarded. This maddened the chemists, who had sweated the creation of each one. And the accountants glowered over in their paper fiefdoms because with every molecule the chemists created, the company was pouring out money, most of which just flowed into the graveyard. How much money? Turin started asking questions, pointed or oblique depending on where he was and what he thought he could get out of them. This, however, was the perfume industry, everything was opaque and slant, and they never really gave him much concrete information. The best estimate he got arrived during a slightly unguarded moment when Charles Sell named a figure of roughly $4,000 per compound, which in a bad year could have you throwing $8 million down the toilet pretty easily, but as usual this went unconfirmed. The perfumers, tossing out the molecules they didn’t like, culled the few they did for Yohji Yamamoto and Vivienne Westwood. These, they sent back downstairs to the chemists.

And then, on these, came yet more triage. First, toxicology testing—which was both “Will we be sued for causing cancers if we put this on people’s skin?” and “Does this product degrade the ecology, poison streams, and so on?”—a process always done by subcontracting firms that charged the Big Boys’ accountants around a quarter of a million dollars to test a single molecule. Fixed external costs. It shot the price of each new molecule skyward. If a molecule survived toxicology, the chemists then had to find an economical synthesis process for it, which meant: How can we make this thing cheaply, accurately, and efficiently? Because if it cost millions to make, it was worth nothing. Those they couldn’t find a synthesis for were pitched into the graveyard with the rest.

In the end, the very, very rare molecule that smelled strong, was cheap to make, had tested biologically safe and environmentally sound, was patentable, and had a useful odor—that one became a new product in the Big Boys’ commercial catalogs. A single decent smell molecule that hit all the right marks could bring money flooding in.

This was why the Big Boys and their stockholders optimally wanted to produce three or so molecules a year. The reality was that each was spending millions every year to create thousands and thousands of molecules, synthesize hundreds, test dozens, and get maybe one onto the shelves. This was what Turin found strange.

The deeper he got into the Big Boys, the more conscious he became that the stockholders were saying to the executives in the boardrooms (and the executives were saying to the chemists in the labs), “Look, to up profits, why can’t we come out with ten new molecules a year? How about it?” And he was aware—now it was the science of it that caught him—that the molecular theory that governed these chemists creating these molecules and, thus, the entire massive industry, was Shape. But he didn’t really focus. He was busy making friends and having fun. He left for other parts of the building.

Turin is an instinctive egalitarian with an exquisitely refined aesthetic and unabashedly elitist tastes, and so he felt completely comfortable in the perfume world, which is populated by former members of the lower classes who spend their time creating outrageously expensive aesthetically oriented luxury goods for the rich. He met the legendary perfumer Serge Lutens and began frequenting the headquarters of Lutens’s Paris empire. Lutens was a working-class kid who started out as a makeup specialist with the estimable French firm Carita and, after successes there, was snapped up by Dior to be their chief colorist, deciding the Dior makeup line each year. In 1980 he left Dior for Shiseido. They wanted him to create their makeup line in Paris, but by this time Lutens had grander aims and worked out a nice deal: he would create their makeup and at the same time open and direct a neck-snappingly chic Shiseido Paris outpost where he would launch a new line of Shiseido perfumery (which he would design), their flagship leading-edge offerings. He had no training in perfumery and none in chemistry either, but he knew what he liked, and that, as is ever the case in fashion, was his genius. Lutens chose Christopher Sheldrake of the Big Boy Quest to be his secret engineer, building in chemicals the concepts Lutens would supply. Sheldrake, in Turin’s view, is “a really interesting perfumer. He has this minimalist attitude toward perfumery and, under Serge’s direction, has been delivering one wonderful fragrance after another.”

The first perfume Lutens directed for Shiseido, the infamous Nombre Noir, burned a hole into everyone’s collective memory. Molecularly blacksmithed by one of Shiseido’s in-house Japanese perfumers, it arose from components selected by Lutens (an extremely expensive natural osmanthus straight from the flower and a synthetic, a big-stock damascone molecule of rosy-woody plus prune—“a brilliant juxtaposition of the two,” said Turin). The perfume had beautiful packaging, “the most unremittingly, sleekly, maniacally luxurious packaging you can imagine: a black octagonal glass Chinese bottle nestled in exquisitely folded black origami of the most sensuous standard.” It was a 1982 issue, and Turin had heard the rumors, as had everyone else, that despite its (significant) retail price, Nombre Noir lost money because of the packaging (unconfirmable). And then it disappeared. “Just too wonderful for words, one of the five great perfumes of the world, and I have none left, none,” Turin said, despondent. “I had no idea they were going to discontinue it.”

Lutens’s tastes in general coveted extremes, but then, that was arguably what made him a success as a perfumer, and Turin thoroughly applauded its every expression. He would go upstairs to Lutens’s shop, where they would talk about perfume, and everywhere he looked were exquisite things, ancient Japanese tables and antiques and works of art. One time, Turin went to the toilet and closed the door and looked down. The toilet seat was dark red. He stared at it, tried to move out of the light, and stared at it some more. What in the world was this stuff, some weird red plastic? And then he got down on his knees to check it out. It wasn’t plastic. It was red marble, phenomenally expensive red marble. He’d seen it on ancient Egyptian statues at the British Museum. He did his business, left, went to find Serge, and casually said, “So. Red-marble toilet seat, huh?” Lutens shrugged. “Bah, oui.” Like why was Turin even bothering to mention it.

It was a blissful time, exciting, full of promise. Turin was here, he was there, information was pouring in. He was beginning to put things together even then, without realizing it. “I was so ignorant,” Turin would say later. “I had the confidence of the ignorant, confidence in myself and my abilities and, most of all, in Things Working Out. In good people recognizing good ideas and working together toward the Truth.” He paused. “That is truly something only the young could believe. You think everything’s going to be just fine.”

♦ ♦ ♦

THERE HAVE OVER time been many theories of the sense of vision.

In an age in which people believed we saw objects because they were continuously flinging off copies of themselves (“eidolons” these were called), Isaac Newton proposed a radical new theory of color and light, the fuel for our sense of vision, the food of the eyes. He theorized that vibrations, waves of light, hit the eye and made their colors and forms visible by the way they vibrated.

Thoroughly vested as they were in the reigning eidolon concept of vision, people hated Newton’s theory. Goethe—who, it is said, went to his death calling to heaven for “More light!”—emphatically rejected it, going to great lengths to create an elaborate system to counter Newton’s new vision theory. Goethe’s system was false, of course. His cry of “Mehr Licht!” apparently as well; there were new ideas the man simply didn’t want to see illuminated.

(Today’s quantum-mechanical theory of light makes it both particle and wave, and this is not necessarily easier to accept. “Light’s joke on scientists,” someone has noted dryly, “is to reveal itself, at last, as something that no one can visualize.”)

♦ ♦ ♦

SUDDENLY, TURIN’S PARIS position still in a kind of bureaucratic limbo, a job possibility reached him. He was excited because it came from the Moscow State University Institute of Molecular Biology. He started packing for Moscow. Just before he left, in May 1992, he met someone. Her name was Françoise Le Grand, the curator of a photography collection in Paris, and they hit it off. He felt happy to be, for once, not alone, and she listened when he talked about his science. But then he flew off to Moscow.

He’d had a love affair with Russia and its science since his father’s frequent trips there as a U.N. economist. Duccio loved the Russian spirit. He went in 1959, when Luca was six, and brought back a big fur hat for his son, a shapka. “For a kid,” says Turin, “that’s really something. My father was sort of a crypto-Communist, which I never was.”

But he was also excited because, in Turin’s happy view, Russia has always been a beacon for various scientific weirdos and speculators and wizards. He used to read Biofizika in its English-language version, Soviet Biophysics, which he found full of astonishing stuff—the “If true, then amazing!” stuff, as he called it. Before the first time he left for Kiev, they called him and asked, “Can you bring a millipore filter holder with you?” So he brought one, no problem, and gave it to them. About four days later he noticed that their lab had had the workshop make a few copies. He picked one up and found it bizarrely light. “And,” Turin recalls, “I think, ‘Uh-oh . . .’ I say, ‘What the hell is this made of?’ And they say cheerfully, ‘Oh, it’s titanium.’ And I say, ‘What?’ “ Titanium is bulletproof, one of the strongest metals that exist, and outrageously expensive. They led him down to the lab basement and pointed at a gigantic block of pure titanium, just sitting there. He figured it was a hundred kilos or so. “Russia has the biggest reserves of titanium in the world. When the American military built the SR-71 Lockheed plane to use against the Soviets, they bought all the titanium for the body from Russia through a front company. That block probably cost fifty thousand dollars. Someone in the lab had just ordered it. They were carving soap dishes out of it.”

Turin worked in Moscow five different times, doing research on whatever interested him. Russian biology today, he says mournfully, has been almost completely wiped out. “No funds, no equipment, desperation, lots of emigration. The smartest ones fled to the U.S. or Israel.” He shrugs, sighs for an era. What he loved in particular were the science books, which he bought for literally pennies in barren Soviet stores. He would head over to Dom Knigi (Book House), on Prospekt Kalinina, ground floor on the right, and there might be six-foot-tall stacks of these books, books on quantum physics and physiology and electrochemistry and metallurgy. His face lights up. “There was one wonderful one called Harder Than Diamonds, about nitrogen-doped gems. I love that—” He laughs with joy, then purses his lips, looks pensive. “All these people with worn-out shoes and poor, shitty polyester shirts who wrote these things. The books I’d accumulate on these visits weighed as much as a small calf. You’d look at it and think, ‘I really can’t lug this thing home, I’ll come back tomorrow,’ and you’d come back and they’d be gone. Forever. And there’d be nothing there at all. So when you found them, you’d just lug them to the cash register and have them wrapped in the strangest, most beautiful paper and strange string—everything was strange in the Soviet Union—and then you’d get into a taxi and take them to a post office and have them airlifted out. I bought more books than I could possibly lift, fifty kilos of books, towers of these gigantic, immense, wonderful books.

“And these poor Soviet scientists were just fucking brilliant. I remember a pompous English ass gave a talk on a hot summer’s day in Moscow. He was wearing a tobacco-colored linen suit and a panama hat, and looked properly colonial. His audience was twenty-five Russian scientists who looked so disheveled, dressed in such bad, worn, pathetic clothing you swore they were begging in the streets. The twit gave them this condescending talk, very English, and then came the question-and-answer, and they roasted him alive. So what if they looked homeless. They were bullshit free. It wasn’t a ‘career,’ it wasn’t ball gowns and glamour, it was pure, pure science, it was What’s the damn problem? How do we solve the problem? God. They inhabited the grim halls of Moscow State University, which was a university exclusively for the sciences, this great fucking building on the top of this hill. The last time I went to work there, they faxed me: ‘What academic title would you like?’ I faxed them back: ‘Would like the title “Grand Duke.” ’ They faxed me back, ’ “Grand Duke” momentarily unavailable, suggest “Visiting Professor.” ‘

“I loved eating in these crummy Soviet cafeterias where the forks were made of an alloy that doesn’t exist in the West—it’s like aluminum yet somehow corrodes. Fascinating.”

♦ ♦ ♦

EVENTUALLY HE HIMSELF began tiring of the nomadic existence, started wanting to set up a more permanent shop. He went to a Commbelga satellite telephone booth in the lobby of a luxury hotel, the only way you could make daytime direct calls abroad from Moscow in those days, and called his former Ph.D. supervisor at University College London. She was in a chatty mood unfortunately, and the call cost him sixty pounds, but she gave him a tip. There might, she said, be an opening at UCL; he should apply. It was an obvious fit: Turin’s father had been a professor there, too, of architecture. Turin applied from Moscow. His old Head of Department (the Department of Anatomy) remembered him. He offered Turin a professor’s job for two years.

Turin arrived at UCL in 1993 and set up his lab. Just then the U.S. Navy money came through—$60,000—so he turned his attention to making better diodes that would help the U.S. military smell electrically. He also found some new playmates: Martin Rosendaal, his darkly cheerful neighbor in the office next door; a tall, thin, discreetly impish biologist named Tim Arnett just down the hall; and an attractive, enthusiastic young woman named Jane Brock doing her Ph.D. on tissue repair, who’d set up in the lab opposite his. He met Brock at the No. 24 bus stop. She was reading a copy of Zen and the Art of Motorcycle Maintenance and hating it, but due to her good English reserve felt she couldn’t just come out and say that, so instead she asked him, “Well, is there something wrong with me?” He looked at her in a friendly, assessing way and said, “Has it occurred to you that it’s actually a complete pile of crap?” She felt liberated. On the bus she asked him about him, and he mentioned perfume. She told him she loved Guerlain fragrances for men, and he told her lots about them. They became friends and allies. She was always struck by his openness. “He’d just walk into everyone’s lab and start talking to people.”

Turin’s attempts to measure smell electrically, on the other hand, weren’t really going anywhere. And, as usual, he was reading all the wrong things, haunting university libraries, dipping restlessly into this and that, nibbling randomly at weird pieces of biology, chemistry, and physics before returning them, like half-eaten chocolates, to their boxes.

One afternoon, about six months after he’d arrived at UCL and settled into his life in London, he was restless. Not in the mood to experiment. He wandered over to the UCL library and began reading Aviation Weekly, “which I’m not supposed to read because it’s one of my obsessions.” Then he started idly rummaging through recent issues of various journals. He was picking through one he liked with the hyperfunctional title Review of Scientific Instruments, and in it he happened on an article about a tool for analyzing molecules and atoms. He’d never heard of this neat gadget, which had been accidentally discovered by some guys at the Ford Motor Company. It was called an electron-tunneling spectroscope. He started reading.

The way the thing worked was just good old spectroscopy, exactly like the machines that shot photons through molecules to tell you what atoms were in them, the machine Dyson had said was somehow contained in the human nose. But this spectroscope didn’t shoot photons. It shot electrons. Electron spectroscopy.

It worked, he saw, basically like a light switch. You flip “on” a light switch, and it just connects a wire, fills in a gap between two sides of an electrical highway, so electrons can flow. The Ford guys had made an observation that was, at least on one level, supremely simple. Electrons are extremely inquisitive creatures, and they want to go everywhere. So they zip along inside conductors until they come to a gap, and then they crowd the edge of this atomic cliff and impatiently try to find a way to jump across to the other side. And you can just insert a bridge into that tiny gap—a single molecule will do, just jam it in there—and the electrons will enthusiastically rush through that molecule (it’s called “tunneling” because they actually burrow through the thing like frenetic moles) and across to the other side.

As they tunnel through their molecular bridge, electrons lose some energy and tire (you would, too, running an obstacle course like that). They exit on the other end with slightly lower power. They’re just not going as fast when they get off this ride. There was a little old lady who wouldn’t pay her electricity bill “because,” she argued, “I’m not keeping the electricity. It’s flowing in and flowing right out again.” Which it was, but the power company pointed out that the electrons were flowing more slowly when they left, and they calculated her monthly bill by the amount of energy the electrons had lost burrowing through her refrigerator. The Ford guys had realized that that difference—the electron’s Before and After voltages—could identify for you which vibrations the molecule sitting in the gap had. And if you knew its vibrations, well, you knew what molecule it was. You could I.D. it with absolute certainty. Simple.

Now, it is not actually quite this simple. Tunneling happens in everything around you. The very first radios, the old Marconis, for example, used a primitive device based on the tunneling effect, invented by a Frenchman named Branly, whose other claim to fame is that he was the person the French elected to the Académie des Sciences ahead of Madame Curie because he was a man and she was not. Since we’re dealing with particles, all this has to do with quantumness, so there’s the usual semireligious quantum mechanics mumbo jumbo. Electrons are fuzzy creatures. Because they’re fuzzy, even as they’re approaching this molecular bridge (or door or lock or tunnel; what it is from their point of view is unclear), part of them is (here we go) already on the other side. They literally make a tunnel through a solid door, though it’s not really a tunnel or a hole in a strict physical sense. We don’t really know what it is. Some physicists say electrons walk through the door without opening it. (This is the basic quantum-mechanical precept that all objects are described by a wave function, and waves have a possibility of passing through all barriers—steel doors, lead walls—unless they’re infinitely thick or infinitely high. Which none are, of course. This is also often described as: It is absolutely possible in quantum mechanics for a bus to drive right through Hadrian’s Wall.) We do know two things for certain: The electrons basically start on one side—and, if the vibrations match, somehow wind up on the other. And (second) the drop in their energy level tells you exactly what molecule they’ve just tunneled through. And that, for electron spectroscopy, is all that matters.

Turin read the whole article. Because the authors were physics teachers, they actually explained how the machine was built and how it worked. And because Turin had been teaching himself physics in his spare time, he understood this new kind of spectroscopy.

And because of his interest in smell, he knew that we can smell the difference between one kind of atom and another, which only a spectroscope can do.

And . . . wait a minute (he laid the paper on the table) . . . because he had the bad habit of randomly reading everything, he’d read through Dyson’s 1938 paper, which proposed that our noses somehow have the spectroscopic power to detect Vibration.

And because he’d been hanging out in the Big Boys’ labs (a dividend of his perfume guide), he’d seen that while everyone believed that our noses use a molecule’s Shape to get its smell, the fragrance chemists went about making these smellable molecules randomly, which, given the supercomputing artillery thrown at unlocking shapes, made it pretty clear that shape didn’t have much to do with smell.

And because he was trying to help the U.S. Navy smell submarines, he happened to be doing electron-transfer work important in smell.

And because he had created a diode out of egg-white protein, he knew that electrons could be transferred by proteins.

And simply because he remembered his high school biology, he knew that proteins are, after all, what make receptors, like the nose’s olfactory receptors.

And due to his biology, he’d read the details of the olfactory receptors that Linda Buck had found.

And because he’d been picking up chemistry on his own, he knew that smellable molecules were held together with electron bonds that were identifiable by exactly the sort of electron spectroscopy in this paper.

And in an instant . . . 

Sitting in the UCL library, he thought: So electron-tunneling spectroscopy is something you could do biologically. Which means that these spectroscopes, these huge, heavy, expensive machines of metal and glass that sit in laboratories analyzing smell molecules, could literally be constructed of the tiny proteins that sit in your nose, allowing your nose to smell atoms. Tiny spectroscopes made out of living human flesh. Flesh made of proteins that conduct electrons . . .

And suddenly he was hit by a very strange thought: That madman Dyson, the guy who laughably said the nose somehow had a spectroscope inside it, was absolutely right. Turin had perhaps just stumbled across the crucial mechanism that might make this impossible spectroscope work. A thousand irrelevant facts converged in an instant.

At that instant he dropped everything else and started working on a new theory of smell.
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