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WETWARE

NATURE TOOK FOUR billion years to develop the code that choreographs life on earth today. Medicine’s transformation into an information industry began around 1850 and crept forward at a glacial pace for a century. Then in our generation, in the blink of an eye, medicine plunged into the molecular abyss, and in doing so it became all information, or close to it. Unleashing the enormous power and economies of innovation on this, the last frontier of the information revolution, will require fundamental changes in public policy.

Humanity, as represented by the Nobel Committee, officially recognized the dawn of the new era on October 18, 1988, forty years after Gertrude Elion and George Hitchings began their pioneering work on “structure-based” drug design. Elion and Hitchings, two pharmacologists working for Burroughs Wellcome, sought to systematize drug development by studying the molecular structure of the germ or cancer cell and then designing a mirror-image molecule to target it precisely. When they started collaborating, the tools needed to scrutinize life that closely and assemble mirror-image biochemicals were just beginning to emerge. Today, drug designers can read every single molecular letter of life’s code. And while designing drugs to control that code isn’t easy, the process is, at its best, as inherently logical as the one that composes the software used to control your computer. Such drugs have the power to control almost any disease caused by our own rogue biochemistry or an infectious microbe.

Down at the very bottom, life is launched and propelled by two groups of big, complex molecules—nucleic acids assembled into genes, and the proteins that those genes define. All life uses this bootstrap code to lift itself up from the stillness of inanimate matter. Four molecular letters, arranged in groups of three, define sixty-four words, which are translated into twenty amino acids, along with one punctuation mark to tell other molecules where to start reading and where to stop as they assemble the amino acids into proteins that assemble other molecules to create functional life.

When Elion and Hitchings started developing drugs, almost nothing was known about this code, and science could scarcely imagine the possibility of reading and editing it systematically to control human health. That had changed by the time they arrived in Stockholm. In three fantastically innovative decades, medical science had acquired the tools that would give medicine the power to diagnose and treat from the bottom up. Restriction enzymes: scalpels for genes, infinitely finer and more precise than anything ever handled by an eye surgeon; Nobel Prize, 1978. Recombinant DNA: sutures for genes, sew them back together any way you like; Nobel, 1980. Monoclonal antibodies: Gutenberg’s printing press for proteins—set them in biochemical type, run off as many copies as you need; Nobel, 1984. The polymerase chain reaction: Gutenberg’s printing press for genes; Nobel, 1993.

The digital crowd uses the term wetware to refer to the human brain, but for our purposes wetware is code stored in biochemicals rather than on a hard drive—code so smart that micrograms of it can assemble and control hundreds of pounds of dumb flesh. Like software, wetware can be erased, corrupted, infected, hijacked, and edited, letter by letter, word by word. Parts of our immune system subtly reconfigure their own code on the fly, in random ways; so do cancer cells. Good code keeps us healthy; bad code makes us sick. Medical and crime labs read biological code to diagnose and identify. Biochemists design good code to tweak, tame, patch, or erase the bad.

The power to manipulate biochemical code at will has implications for every sector of our economy. Healthier workers are more productive. Wetware technologies also allow us to bioengineer better crops and reengineer bacteria to extract oil from tar sands or sift gold from sludge. Inevitably, these technologies will also be used to craft dreadful biological weapons—and, if we stay ahead of the curve, defenses against those weapons.

The power in nature’s code and our mirror-image drugs resides in molecules that, with technologies now in hand, are as easy to read, copy, and manipulate as silicon chips, or soon will be. Wetware technologies are improving even faster than their digital siblings. Wetware knows how to move and handle and process not just bits but stuff. Toss Intel’s best microprocessor into a sandbox and watch what happens: nothing. Intel’s silicon doesn’t melt more silicon out of the sand and assemble a trillion copies of itself. Wetware does that kind of thing inside us and around us all the time. It grabs material and energy from its surroundings to build copies of its own hardware—hence our green planet, covered with life.

Wetware technology, which came of age about twenty years behind the hardware and software of Andy Grove, Steve Jobs, and Bill Gates, will eclipse everything that the information age has delivered so far. After all, it created Andy, Steve, and Bill. It will also be at least as unruly and disruptive as any of their creations has ever been. Most immediately, the methods, imperatives, and economics of wetware technology can’t be squared with entrenched views about how health care ought to work.
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A PROTEIN THAT choreographs many of the changes that occur in a woman’s body in the course of pregnancy resembles a similar protein in a frog. Not so very long ago, medical labs injected frogs with the urine of aspiring human mothers; if the frogs laid eggs, the women knew they were pregnant. The herpes virus that lurks in over 70 percent of humanity answers to the call of another protein produced by human nerve cells near the ear. After creating a first round of nasty sores, the virus hibernates for years, then suddenly wakes up and attacks again when stress, sunburns, or fevers stimulate production of that one protein.

Code is the only suitable word for molecular-scale autocrats that are smart enough to govern pregnancy, viral attacks, and all the surrounding mountains of mindless matter and energy that we call life. We share much of our code with much of the rest of life on earth—parts of which know how to read and hijack our code for their purposes, just as we know how to hijack a frog’s for ours.

Disease is hostile code sabotaging friendly code. Cholera, for example, is a short strand of alien code hijacking, among other things, the code that controls the flow of water into our intestines. As we come to understand such processes, the lines we’ve previously drawn between “health” and “disease” get blurry. Molecular code that helps keep us healthy or just lies dormant today may be enlisted in a process that harms us tomorrow, as cancers and autoimmune disorders routinely do. The retroviruses that cause AIDS and one form of leukemia splice their genetic code into our own DNA. Prions are single molecules—proteins—coded in genes or transmitted like germs; they transform other proteins in humans and cows into more prions in a lethal chain reaction that leaves the host’s brain riddled with holes or plaques. Cancer cells, as described by Sherwin Nuland in How We Die, are like teenage gangs that roam aimlessly and trash their own neighborhoods. We now understand many of the molecular details that make the cancer cells’ chemistry—which is our chemistry—behave so badly.

Whether it spawns health or disease, the core code is stunningly compact. Converted into a digital file, the gigabyte or so of wetware stored in six tightly folded feet of the two strands of DNA that fused at the instant of your conception to create the original, single-celled you would provide about half an hour of snowy video on YouTube. Day by day, though, the snow is being translated into plain English, as new fragments of code are linked to the fuzzy medical vocabulary of the past, words such as disease, mood, and behavior. The Hatfields’ endless feud with the McCoys? Blame the McCoys—dozens of them carry a rare gene that causes high blood pressure, racing hearts, adrenal gland tumors, and thus hair-trigger rage. Seven extra pounds? Point the finger at an obesity gene carried by one in six white Europeans. Nobody in your family gets cancer? Unusually good DNA-repair genes. All your relatives do? Hundreds of genetic links have been found, and new ones keep emerging. Alzheimer’s? About a dozen genes and still counting. Can’t sleep? It could be worse: a few dozen families on the planet carry the Macbeth gene, which murders sleep—they die young, of “fatal familial insomnia.”
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WETWARE DOESN’T TREAT clinically observable fatigue, weight loss, fever, anemia, and recurring infections—you have that cluster of symptoms because you have a rare form of leukemia, so you need Gleevec, which attacks an abnormal enzyme churned out in excess by the flawed gene associated with the “Philadelphia chromosome.” Saquinavir doesn’t set out to kill a whole virus; it attacks a key bond in a molecule that helps replicate HIV. Wetware science doesn’t resign itself to the inevitability of side effects; it tracks them to the molecular variations that make some people allergic to aspirin, for example, and others unable to tolerate Camptosar, a powerful cancer drug. Pharmacogenomics matches the drug to specific genetic profiles found in some patients and not others. Gene therapy takes molecular medicine to its logical limit, using viruses to implant genetic fixes into the patient’s own cells. And at the front end of it all, medical diagnosis becomes a microscopic trace of a sensor chemical embedded in a cheap sniffer—a dipstick that detects the pregnancy protein in the pee, or a chip-scale lab that detects cancer cells drifting in the blood. The frogs have been sent back to the pond.

The search for new wetware sometimes uncovers surprisingly powerful simplicity. A muddle of genes and lifestyles causes the high cholesterol that causes a raft of health problems. Lipitor ignores the muddle and just tweaks the body’s cholesterol-production process. The flawed gene that apparently launched the adrenal-inflaming chemistry that enraged the McCoys also causes tumors in the eyes, ears, pancreas, kidney, brain, and spine, by interfering with production of cancer-suppressing proteins. Drugs are being developed to provide what’s missing, and gene therapies that fix the body’s own production line have shown promise.

The decoding of human bodies also reveals how the tiniest fragments of code can shape addictions, impulsiveness, and other complex patterns of behavior, which lead in turn to all sorts of other health problems once relegated to treatment by hapless psychiatrists. Fertile women are attracted to men with clusters of immune-system genes very different from their own, presumably because merging the two sets will produce kids who can beat more germs; women know who those men are because they smell right. There are genes for fidelity and promiscuity. Six related children in northern Pakistan chewed off their tongues, broke their bones, and burned and mutilated themselves—without feeling it. One killed himself jumping off a house on his fourteenth birthday. They shared a genetic defect that disrupts the body’s production of a protein involved in transmitting pain signals. All their other sensory signals were transmitted just fine.

By assembling reams of fragmentary data to map out genomes and dredging genealogical databases to expose links between genes and disease, powerful computers play a large role in working out what drugs might target. Software developed to explain the dynamics of social networks is now being used to analyze biochemical networks inside the human body. By comparing genes in microbes, fruit flies, and humans, computers work out how certain molecules that evolved early in the history of life on earth became hubs with multiple links to functions and pathologies that developed much later in organisms like us.

Drug designers then unleash two astonishingly brilliant and powerful tools for designing magic-bullet molecules to strike the chosen targets. One enlists digital code to mimic life’s. Seventy years ago, Alan Turing grasped that code is very good at decoding other codes and designed a machine that could decipher the Nazis’ Enigma code. Today’s computers are well on their way to being able to decode Andy Grove, or at least the parts that ail him, and then help design the right antidotes. Alternatively, magic bullets are created using the carbon-based biological code in laboratory animals. Either way, the vital core of medicine is now on the same plummeting-cost trajectory as chips and software.
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THE ADVANCE OF molecular medicine still hinges, however, on the development of a vast new body of knowledge of a kind that Bill and Steve never had to worry about, because they had Andy at Intel. In the digital world, the hardware and software evolved in tandem, with chip designers and software programmers cooperating every step of the way. Drug designers, by contrast, have arrived on the scene billions of years behind nature. Nature neglected to provide manuals that explain how all the slivers of molecular code that it has created fit together and interact. When it finally got around to designing us, nature devised a very complex system. As we shall see, it had good reasons to do so, but yesterday’s reasons don’t help today’s drug designers. Human bodies run on what digerati revile as spaghetti code: redundant webs of molecular synergies, compromises, contradictions, and barely suppressed antagonisms. The code-bearing molecules cooperate miraculously well at their best, and attack each other viciously at their worst.

No two bodies are quite the same, and the biochemistry of every unique body keeps changing throughout the course of life. The germs that assail us keep reinventing themselves. Human genes get remixed every time a new child is conceived. Thousands of variations in tens of thousands of building blocks create limitless possibilities for variation in how our bodies perform. And our bodies both shape and are shaped by the external environment, including the many microscopic forms of life that surround, colonize, and sometimes devour us.

Our diseases find ways to exploit this complex, resilient biochemical diversity. A few of them—the cholera bacterium, for example, or cardiovascular disorders caused by high cholesterol—have a single, quite simple vulnerability and can therefore be neutralized by a single magic-bullet drug. But most don’t. And as medicine solves the easy problems, it increasingly finds itself confronting disorders that mirror the complex diversity that normally keeps us healthy. Tweaking bits of code to fix a problem here will often have unexpected consequences over there.

Pinning down exactly how all the pieces interact will be difficult. Impossible, say the critics of the “naive medical reductionism” on display earlier in this preface. It certainly was impossible until very recently. But with the vast and ever-expanding power of digital technology now at our disposal, science can and will work out enough to let us take control of a great deal.

The search for a new drug is, increasingly, a very expensive search for information about how human bodies function. That search accounts for a steadily rising fraction of the front-end cost of most drugs. Almost all of the new information that is gleaned from the clinical trials of a fundamentally new drug is needed to ascertain, directly or indirectly, how human bodies operate at the molecular level. That learning process inevitably continues after a drug is licensed and comes to be used far more widely in the marketplace. It will be repeated again and again, with one drug after the next. The information acquired will end up in massive, detailed, and very valuable databases that will power analytical engines that will expose the architectures and dynamics of countless molecular chain reactions and networks that make human bodies function well or badly. If that sounds far-fetched, suffice it to say for now that medicine already worked out the biochemical details and built the huge databases for at least one retrovirus. Without them, we never would have managed to design the drugs and assemble the cocktails that we currently rely on to control the multiple different strains of HIV. Similar databases and analytical engines are now being used to guide the treatment of various cancers. A human body is far more complex than a retrovirus, but the power of the technology now engaged in decoding life is doubling every year, if not faster.
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CODE HAS THE tendency to rise from servant to master to sole proprietor. The first autopilot kept a plane cruising at steady speed and altitude; the cockpit of the future, it is said, will have a pilot, a computer, and a dog, the dog there to bite the pilot if he touches the computer. Much of medicine is now on a similar glide path.

It touches down in the office of the doc-in-a-box at Walmart. The largest retailer in the world is now set on “becoming the largest provider of primary healthcare services in the nation,” monitoring complex diseases, dispensing powerful drugs, and “dramatically” lowering the cost of health care. There is good reason to believe that Walmart can deliver. Our health care system depends on two fundamentally different types of care—call them hands-on medicine and molecular medicine—which are propelled by fundamentally different economics. The people who run Walmart are quite smart enough to focus on the one that they can probably manage better than anyone else.

Doctors, hospitals, beds, and the rest of hands-on medicine still account for seven out of every eight dollars that we spend on medical care. These services are expensive, and costs rise in lockstep with the number of patients treated. But by the time a molecular seed of a problem has morphed into a fever, clogged artery, or lump that can be soothed or cut out by human hands, the problem is far worse, much more expensive to treat, and often unbeatable. And when it gets to that point, the biggest cost of health care is the routinely overlooked, off-budget cost of adults in their prime taking care of sick kids and aging parents, or lying in bed themselves, unable to work.

Molecular medicine plays by completely different economic rules. Developing the first pill and its user manual is very expensive. But, as with software, almost all the value of a new drug is know-how—information stored in the drug’s design, and in the databases that describe how it will interact with the different biochemical ecosystems in which it may land. Once found, the know-how can be replicated and shared very cheaply, forever. And while the cost of this know-how spirals down, its power and value spiral up. Tomorrow’s know-how builds on today’s.

When it gets good enough to routinize the doctor’s role, it gets as cheap as Walmart, displacing the doctor almost completely and thus dramatically lowering the cost of care. Vaccines, antibiotics, and the first handful of drugs developed to control a still short list of problems rooted in our chemistry have saved us far more money than we spent developing them. Take your Lipitor, fire a heart surgeon.

Walmart will be able to provide excellent, cheap care because the doc-in-a-box has so much powerful wetware within easy reach—the biochemical sniffers, dipsticks, and assays that perform most of the diagnosis, and drugs that can be used quite well for by-the-book treatment. Yesterday’s brand-new medicine is today the cheap medicine of free riders coasting on someone else’s genius and capital. Making yesterday’s medicine widely available is a good thing. Walmart—or other companies like it—will do it very well. About three-quarters of current U.S. prescriptions are for generics. Walmart already offers a thirty-day supply of hundreds of them for $4.

But because so much of the cost of wetware is incurred up front and must be paid for by small groups of patients who use new drugs before their patents expire, wetware’s power to slash health care costs isn’t immediately visible. Information markets thrive only under the control of people who know how to distinguish capital investment in tomorrow’s know-how from the economies of free riding on yesterday’s, and who are determined to accumulate capital rather than debt.
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THE POLICIES AND rules that currently control the science and economics of molecular medicine now stand as a monument to medicine’s ignorant past. They were cobbled together at a time when nobody could even read the molecular-scale code that controls health and disease. Drugs were designed mainly by hunches and guesswork, and very few worked well. The safe and effective use of drugs depended on gathering purely statistical information about how they affect high-level clinical symptoms. Governments could compile and make sense of the crude statistics better than anyone else and thus were in the best position to decide what we needed and how much it was worth. The system assumed broad areas of biochemical uniformity, conflated differences, and steered medicine relentlessly toward generic drugs for generic patients.

To implement the 2010 Affordable Care Act Washington, by all current indications, plans to do more of the same—much more. Washington first required drug prescriptions (for narcotics) in 1914. It began seriously regulating drug chemistry in 1938. In 1951, it empowered the Food and Drug Administration (FDA) to require prescriptions at its discretion. Federal drug law also defines diagnostic biochemical sniffers as “drugs,” and the FDA decides which may be sold and to whom. Now Washington plans to dictate how doctors diagnose and prescribe. Which means we are now poised to witness the most audacious attempt to take control of the flow of information that the world has ever seen. At stake is how America will read, decipher, and master the code stored in the largest, most valuable, and most important repository of information on the planet—humanity itself.

Washington will appoint the experts who serve on the panels that write the scripts that determine which diagnostic tests are performed and which drugs, if any, are then administered. The scripts will determine which bits of biochemical code will—or won’t—be scrutinized in different patients and which aspects of the patient’s response to treatment will then be tracked. After doctors diagnose, prescribe, and track on script, they will report to Washington how things worked out. Washington will decide what it all means, and then write more scripts. Current law already places strict limits on how drug companies may communicate with doctors. The people involved at the two critical stages where all the action begins and ends are thus barred from collaborating in any way other than under Washington’s strict supervision, according to rigid protocols Washington approves in advance. Patients, one must concede, will remain free to blog about their own experiences with a drug. So will academics, paymasters, statisticians, newspaper reporters, and politicians of every stripe, so long as they don’t treat live patients. Washington, in short, now aspires to catch up with Europe and Canada in making Walmart’s doc-in-a-box medicine universally available, cheap, and managed from the banks of the Potomac. This, we are told, will deliver better medicine to all, at lower cost.

It will do the opposite. Walmart can’t deliver tomorrow’s cures, but it doesn’t obstruct their development and doesn’t wish to. To get the really cheap medicine, Walmart has to wait for private capital to develop it and for the arrival of cheap generic drugs when patents expire. Government paymasters can ride those coattails, too, at the same pace and price, but why wait? Washington can’t afford the drugs that are still under patent, but by positioning itself as the overwhelmingly dominant buyer it acquires the bargaining power to devalue patents and get to really cheap much sooner. And by doing that, Washington drives away the private capital that develops the drugs to subdue the diseases that are still ineffectually treated at great expense by the helpless doctors practicing hands-on medicine.

Pushed to the limit, Walmart medicine supplied by Washington leads to crony medical capitalism. Drug companies accept the fact that their real customers are the government’s paymasters, and behave accordingly, focusing their attention on the diagnostic tools and drugs that Washington is willing to pay for. Doctors are conscripted into the ranks of the official stakeholders and junior partners, diagnosing and prescribing drugs as dictated by Washington’s scripts. Patients, in whose bodies lies almost all the information that ultimately determines the safety and efficacy of treatment, do as they’re told.

This is also a process doomed to sink ever deeper into bankruptcy. Cheap care, universally available, is the most expensive option when it delivers all the compassionate—but ineffectual—doctor-centered caring that anyone could ask for. The molecular medicine that works ends up cheap, but it starts out very expensive. Most of its front-end cost is investment in the most valuable and durable form of capital—pure biological science and technical know-how. As it accumulates, this kind of capital continues to make us richer, not poorer. But public health authorities who can’t afford to invest in the medical future have little incentive to reform public policy in ways that will accelerate its arrival.
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THE TECHNOLOGIES THAT abruptly transformed medicine into an information industry came of age as yesterday’s crowd-based medicine was reaching its limits. It had beaten cholera, smallpox, and other one-size-fits-all infectious scourges of the past, but its tools couldn’t handle the more complex diseases that then surfaced.

Here’s the rest of the story in three sentences. We can now see, and can probably find ways to control, almost any of the molecules of life. The hard part is reassembling the pieces—working out the connections between what we can see and probably control down there with what we wish to accomplish up here. We need policies that will allow biochemists, doctors, and patients to collaborate in ways that will unravel how human bodies work without the process taking so long and costing so much that it never gets started at all. (For outlines of what such policies might look like, see Chapters 5, 11, and 16.)

The book as a whole is structured around the nature and power of the new science and how it will transform medicine beyond recognition—if we let it. The focus throughout is on that big if—how the science itself, and the process by which it is transformed into useful medicine, collides with the regulatory status quo, and what changes are needed to clear the way.

The objective in the first part of the book is to describe the essence of the molecular science revolution that is well under way, and the process that translates the science into applied medicine. How do we see, understand, and systematically control health and disease? In brief, not Washington’s way—not anymore. Medicine is coming apart. The medicine of crowds has been overtaken by the medicine of molecules, which exposes and exploits the common biochemical factors that separate and unite groups of patients and diseases in ways never previously discerned or imagined.

Part Two addresses how Washington judges and certifies the quality of molecular medicine, how it briefly unleashed the full power of the new science during the early years of our war against HIV, and how its relapse to the past now suppresses the efficient, orderly development of that science. How should we regulate the process that develops and certifies the new science? In brief, the venerable myth of the FDA-scripted “gold standard” for drug science is fading fast. Most of what we still call the “drug licensing” process now hinges on licensing patients to fit our drugs. Washington spent forty years creating protocols for the development of crowd-science medicine, and it has spent the last thirty wondering how to fit molecules into those protocols. The system is currently frozen in the headlights. It can’t handle the complexity and torrents of data that now propel the advance of molecular medicine. It isn’t just lagging behind the new science; it has fallen so far behind that it now obstructs it at almost every turn. The challenge for the FDA, ironically, is how to regulate the science, now that there is, for the first time in medical history, a true, rigorous, mechanistic science to regulate.

Part Three addresses the parallel universe of the dollar doctors. Who pays for what, when, and how does that determine what we get and don’t get? In brief, medicine that was centrally managed and funded made excellent sense during humanity’s long war against the old infectious scourges; it is now stifling the development of far more powerful molecular medicines and the capture of even greater economies. Today’s heavy-handed, top-down pursuit of what bankrupt governments call affordable health care, equally available to all, can’t be squared with the dynamic, innovative, molecule-by-molecule development of cures that work. While their development requires huge up-front investments, those cures are the ones that end up cheaply available to all and displace much more expensive doctors when they reach the autopilot stage. One-size-fits-all medicine managed and funded from the top would lock us into the old world of helpless care that keeps getting more expensive. In every area where the power of molecular medicine has been unleashed, the cost of health care is falling fast. To keep private capital engaged in the pursuit of ever more complex diseases, we will have to change the economic rules as fundamentally as biochemistry has changed the medicine.

Finally, how do we bridge the gulf that now separates America’s bipolar culture of death and life? In brief, we stop dwelling on the rights that Washington has spent much of the last fifty years inventing and expanding, and rediscover the rights and responsibilities that were valued and affirmed by our grandparents.

While science has dramatically expanded its power to control our biochemistry, we have lost the social capacity to unleash that power against the diseases that are now killing us. Washington boldly affirms our individual rights to control our own bodies and mess with our own biochemistry pretty much as we please—and also receive all the health care we then need. To make sure we get it, Washington will minutely regulate the development and use of diagnostic sniffers and drugs, pay for them if we can’t, and flex its muscle to limit how much it has to pay. This is the culture of death.

The drugs of the future will emerge only from a flexible, adaptable process of discovery that nurtures communication and collaboration among investors, biochemists, insurers, doctors, and patients—a process that allows small, nimble investors and biotech companies to thrive alongside the established giants. The development of these drugs will require an economic environment that affirms property rights in the information involved, including rights that will spur the creation of the vast biochemical databases on which the development and effective use of new drugs now depends. It will require, above all, a public understanding of the power of molecular medicine that fosters a culture of confident, eager, optimistic engagement in the process of maintaining health, beating diseases, and extending life spans. Steve Jobs worked his magic by giving us insanely great things while simultaneously developing a culture that mobilized and coordinated sprawling, vibrant communities of creators, manufacturers, and consumers. Dynamic, information-based industries are dynamic because they are decentralized. They allow information to move freely. They are willing to take risks, accept failure, and richly reward success. Their employees have a strong sense that they are engaged in something important and valuable. Their customers are given the freedom, and also the responsibility, to learn how things work and to interact directly with vendors to help solve problems and propel the next round of innovation.

In markets that deal with the life-and-death stakes of diseases and drugs, none of this means dispensing with regulators altogether—far from it. It does, however, mean adopting policies that allow biochemists, doctors, and patients enough flexibility to confront and collaborate to master the complexities of biochemical reality.
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AUTHORITIES COULDN’T CONTAIN silicon, software, Grove, Jobs, Gates, or Google in a state-regulated bottle. They won’t do any better with code embedded in biochemical media. The private capital needed to develop the medical capital of the future will find its way to places that maintain a regulatory and economic environment that allows the money to develop the science, and it will develop drugs for markets that will allow the money to recover its costs and earn profits commensurate with the economic risks.

Whether the United States will lead or follow remains to be seen. Thirty years ago, it seemed fairly clear to techno-utopian determinists that nothing could stop the power of digital technology. Far less evident was whether America would act faster than other parts of the free world to clear away the regulatory obstacles that stood in its way. Dismantling the regulated-monopoly mentality of the telecom past to unleash the largely deregulated digital future took another two decades, with many detours, relapses, and unnecessary delays, multiple trips through both state and federal courts (including several to the U.S. Supreme Court), and the passage of a major new federal telecommunications law, but we got it done. America has led the world in the development and deployment of digital technology and has reaped enormous benefits as a result.

Once again America has to choose. We can embrace the extraordinary power of biochemical technology, implement policies to unleash the market forces that will propel the biochemical information revolution, and allow America not only to lead but to move far out ahead of the rest of the world—or we can cede to others control over the code of life, the most free, fecund, competitive, dynamic, and intelligent resource on the planet.
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