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  NANO is dedicated both to the promise nanotechnology brings to


  medicine and to the hope that any downside will be minimal.




  





  PREFACE




  Smallness has been a most unappreciated attribute. We’re always implored to think “big,” and never “small.” But now smallness sits at the

  convergence of chemistry, physics, and biology at a place called nanotechnology, which is transforming the world of scientific research and development and which is going to have an enormous impact

  on medicine. Despite its emergence only at the end of the last century, nanotechnology is already a multibillion-dollar phenomenon, with more commercial applications arriving on the scene at an

  ever increasing pace.




  In the nanotechnology arena, small is very small indeed. The basic unit of length is the nanometer: one-billionth of a meter. Consider that if a marble were to represent a nanometer, then the

  entire earth would represent a meter. A hydrogen atom is approximately a tenth of a nanometer in diameter; a DNA molecule is 2 to 3 nanometers thick. Among living organisms, viruses range from 20

  to 400 nanometers; bacteria are larger. Salmonella, the cause of typhoid fever and 90 percent of cases of food poisoning worldwide, is on the order of 2,500 nanometers in length and about 500

  nanometers in width, with a narrow tail-like flagellum, also 500 nanometers long. The cells making up the human body are larger, with the disc-shaped red blood cell coming in at a diameter of

  around 7,000 nanometers, while white blood cells are 10,000 nanometers plus.




  This nano netherworld is governed more by quantum mechanics than by the laws of macro-chemistry and physics such that bonds, forces, and fields prevail over mass, gravity, and inertia. And

  the power of these bonds, forces, and fields is stupendous, representing the potential energy locked away from the cataclysms of billions of celestial supernova explosions that have occurred over

  the life span of the universe.




  Within the microcosm of nano-sized constructs of individual atoms and molecules, surface phenomena assume particular importance because the ratio of surface area to volume increases

  dramatically, essentially exposing their negatively charged electron fields and thereby their characteristics. For example, in the nano realm, gold is not the color of gold, nor is it inert. More

  important for nanotechnology is the element, carbon, the basic building block of life, already known to be versatile in forming both diamond and graphite. In the nanotechnology domain, carbon atoms

  have recently been found to form other astonishing and marvelous nano-sized structures when subjected to equivalent violent conditions that exist in the interior of red giant stars. These

  structures, called fullerenes, include sixty-carbon-atom buckyball spheres 1 nanometer in diameter, and even more important for nanotechnology, nanotubes of varying length and structure 1.3

  nanometers in diameter. These surprising constructs have unique physical characteristics—amazing strength, lightness, stability, and conductivity, and will assume increasing importance as

  nanotechnology surges ahead.




  In nanotechnology there exists a world of possibility but also of potential threat. Not even the experts know of the environmental or health effects of nanoparticles. For example, it has been

  noted that concretions of carbon nanotubes, something they tend to do, resemble the microscopic structure of asbestos with its known carcinogenic tendency. The fact that nanoparticles penetrate the

  human body, even the brain, is a known fact. How damaging this could be is totally unknown.




  The second threat of nanotechnology is based on its immediate commercial success. In a very real sense, no one is guarding the multibillion-dollar R&D hen house. There is no oversight,

  like there had been with recombinant DNA research, on the potential negative impact of nanoparticles. Nanotechnology research is being done in thousands of private laboratories, each racing ahead

  willy-nilly to be the first to secure valuable patents in a competitive environment where secrecy is paramount and the risks are minimized or ignored.
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  PROLOGUE




  CARTER LAKE LOOP, BOULDER, COLORADO




  SUNDAY, APRIL 21, 2013, 8:28 A.M.




  The cyclist decided to go for a relaxing ride—the real training would resume on Tuesday, after he underwent more medical tests. The trainers had said it was okay for him

  to take his bike out to work off some of the stiffness he had built up the previous day, but insisted he shouldn’t push himself too hard. They had also made sure he was wearing the usual

  sensors for heart rate, breathing rate, and oxygen partial pressure, as well as the GPS device so that he could be appropriately monitored.




  The route he was provided went north of Boulder to Carter Lake and back. The total trip was more than seventy-five miles, but there wasn’t much change in elevation along the way. If he and

  the others expected to compete at the level intended, they would have to be able to cycle seventy-five miles of predominantly flat terrain without breaking a sweat.




  After a few miles, the cyclist felt bored and restless. He knew he was supposed to take it easy, but his body felt so good, it was as if he were flying over the pavement. His legs were stronger

  than they’d ever been, and not only was he not out of breath, his breathing was shallow and easy like he was strolling in a park. It was a lovely spring day, and he welcomed the warmth of the

  sun on his back. Despite warnings to the contrary, he was ready to push himself. Why shouldn’t he take advantage of feeling this good? Perhaps they’d punish him in some form or fashion,

  but the cyclist was confident they wouldn’t follow through on any of the threats they made to hurt his family back home. Those sanctions were reserved for trying to escape, not for pushing

  oneself too hard during a workout. In fact, he thought he might even be rewarded for making such obvious progress in his conditioning.




  What the hell? the man thought, and he started to race hard, pumping his legs, picking up speed, crouching flat against the handlebars to reduce the wind resistance. He’d been

  cycling for only about a year, but he doubted there was anyone in the world who could do this better. Wasn’t his country about to demonstrate to the world that they could compete on a

  world-class level and in all endurance-based sporting endeavors?




  The route had one climb of any significance, and the cyclist attacked it hard, initially holding his breath. He didn’t slow down at all, taking the paved road as if it were flat, rather

  than a 6 percent incline. He was really racing now, flying, exhilarated, when, suddenly, halfway up the hill, he couldn’t breathe and there was a sharp, stabbing pain in his chest and another

  in his left upper abdomen. The cyclist’s hand went to his throat as he felt his airway contract. He tried to brake, but lost control and the bike veered right, hit the slight curb, and threw

  the cyclist hard into a downward-sloping shoulder that was half grass, half gravel. He landed awkwardly and bumped and rolled before coming to a stop. His arms and legs were scraped and cut, but

  that didn’t matter because, try as he might, he couldn’t catch his breath. It was as if he had breathed out but couldn’t breathe in. On top of that, he was perspiring crazily, his

  heart was beating at an impossible rate, and the pain was unrelenting. The man hovered on the brink of unconsciousness, unable to get up or even move.




  He had no idea how long he had been lying there, his body motionless on the outside but spiraling out of control within, like a runaway nuclear reactor. After a time—ten, thirty minutes?

  —he was aware of figures standing around him. Three or four people were talking at once and a hand grabbed his wrist. The man was aware that these were countrymen—he was in the United

  States but these people were Chinese, like him. They were part of the team. He felt his body being lifted roughly from the road and laid on a hard surface, and then a different kind of motion. The

  last sensation he had before finally falling unconscious was of being driven, presumably back to home base.




  THE TECHNICIAN IN THE VAN switched off the GPS device. It had worked—the combined tracker and vital-signs register had sounded the alarm, and the

  team knew at once that number five was in distress and where he was located. He had been easy to find off the public road, and luckily no one had seen him fall or stopped to help him. The crash had

  taken him clear of the road and down a small embankment where he wasn’t visible to passersby. The doctor in charge had been grateful for that.




  Now the subject was displaying a highly unusual assortment of signs, but nothing they hadn’t seen before. The GPS showed what speed he had been going—much too fast for that phase of

  the training cycle. It looked as if they were losing him, but the doctor knew a fresh batch of subjects were conveniently scheduled to arrive that very day. On the other hand, it was a shame; this

  one showed some promise, as he had been an athlete before getting in trouble with the law.




  Within twenty minutes they had reached their destination. The van backed into a loading dock where another medical team was waiting, and they transferred the cyclist into a windowless room full

  of emergency medical equipment. As he lay unconscious on a gurney, one orderly cut away the man’s cycling gear while another wheeled over what resembled a dialysis machine. By the time it was

  hooked up, the EEG monitor showed that there was no brain function, but that was of secondary importance—they had to make sure that the heart kept working so that they could recycle the blood

  and figure out exactly what had gone wrong, even though they had a pretty good idea.




  A half hour later, the cyclist was technically dead, but his breathing and heart and vital functions were being maintained mechanically. His body would most likely be worked up and kept with the

  others in this state for as long as it was useful. The man’s blood was running through a system that centrifuged it in 100 cc samples, separating out the usual components and the additives

  before reintroducing the cells and the plasma back into his artificially maintained circulation.




  A surgical team entered the room, gloved and gowned as if for a regular operative procedure. The only difference was that none of the team was terribly concerned with sterility, and the scrub

  had been perfunctory at best. Without ceremony, a splenectomy was performed on the dead man and a lung sample was taken. Both the spleen and the lung sample were immediately sectioned and examined

  in the same room by one of the senior scientists on the staff. Under the high-powered microscope, he could see what he knew would be there, a profusion of microscopic, sapphire-blue spheres

  blocking the capillaries. The scientist checked his watch. He knew the boss was out of the country, but he’d need to hear about this right away.
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  BOULDER, COLORADO




  SUNDAY, APRIL 21, 2013, 11:53 A.M.




  The woman is desperate and defenseless. A large man is sitting on her chest, restraining her, his head turned while watching the other end of a long room. The man’s

  blocking her view, but she knows that whatever’s going on is bad. She senses that someone she knows and cares for is going to die. As she struggles with the weight on top of her, she looks at

  up at her tormentor’s face. He’s a man she knew at one of the foster homes and institutions in which she was raised, a man who got too close. She looks away and then back at him. Now

  he’s another man, her uncle, the worst of the men who have affected her life, and he’s holding the video camera she came to hate.




  The uncle she so despises says something in Albanian to a colleague who is somewhere in the room. It’s a language she recognizes but no longer understands. The look on his face, with

  its cruel smile, is that of a predator, with her being the prey. Enjoying his victim’s terror, he speaks again, but now in English. “Do it!” he snarls to his compatriot.

  “Shoot him!” The woman lifts and twists her head unnaturally to get a view. A hooded man is tied to a chair with duct tape. He jerks back and forth as he tries to free an arm or a leg,

  like a desperate insect caught in a spiderweb. The other man has a gun. He’s walking around the chair, shouting in Albanian, lunging forward with the gun outstretched, poking the bound man,

  teasing him as a cat teases a captured mouse. With his free hand the armed man reaches over and tears off the hood and then looks back toward his partner. The woman recognizes the bound victim. It

  is a former medical school classmate named Will. And now she can see the gunman and recognizes him as well. It’s her father. He sees her and turns back toward Will, and as she fills the world

  with a screamed “No!” he shoots the prisoner in the head.




  Just as suddenly as it appeared, the weight left her chest. The heavy, molecular immunology textbook that she had been reading thudded to the floor. The woman sat up from the

  sofa, momentarily disoriented, sweating, shivering in the coolness of her apartment’s living room. She became aware of an unfamiliar sound, not screams or gunfire, but a penetrating ring. It

  was her doorbell, which had been pressed possibly twice in the eighteen months she’d been living there.




  Still confused, the woman unsteadily got to her feet and walked to the narrow entryway of her apartment. Who on earth could be ringing her doorbell? Looking through the peephole, she recognized

  her visitor. She turned and leaned her back against the door, stunned anew. The doorbell’s raucous sound echoed around her mostly empty apartment, seeming louder than it actually was, but as

  she recovered from the anxiety and tension of the nightmare, it was easier to bear. She fortified herself with a deep breath as her visitor gave up on the doorbell and loudly knocked three times in

  quick succession. He always was very persistent. With a sigh, she turned and opened both locks on her door and pulled it open.




  “Pia!” said George Wilson. “You’re home. Terrific! How are you?” His lips were pulled back in an uncertain smile as he vainly tried to look her in the eye and gauge

  her reaction to his unexpected appearance on her doorstep. Then his line of sight went south, taking in her nearly naked body, and his smile broadened. At least the sight of her was welcoming. To

  him she was as alluring as she’d always been. He held a sad-looking bunch of roses.




  “George, what the hell are you doing here?” demanded Pia Grazdani, pronouncing each word separately, uninterested in hiding her intense irritation. Her hands were jammed down on her

  hips with her jaw jutting forward, lips pressed together. Only when she followed George’s gaze did she remember she was dressed in only a sports bra and panties, exposed to the

  apartment-complex’s hallway, where some of the neighbors’ children were playing. At her feet and extending over to the couch where she had fallen asleep was a trail of running gear:

  shoes, ankle-high socks, a white sweatshirt, running shirt and shorts, and a small backpack. On the coffee table was an iPod with earphones.




  “You better come in,” she said with uncamouflaged resignation, backing into the sparsely but tastefully furnished room. “What are the flowers for?” Her tone reflected her

  exasperation.




  “What do you think? It’s April twenty-first. It’s your birthday. Happy birthday, Pia.” George smiled, then shrugged defensively and busied himself by shutting the door

  behind him. He stood his roller bag up on its end and telescoped the handle.




  “Oh,” Pia said simply. “It’s my birthday?” Pia was aware of the date, but had done nothing to acknowledge it. She retreated back into the interior of the apartment,

  picking up her running gear as she went.




  George took in the lovely swell of Pia’s derriere, appreciating that her figure was just as stunning in reality as it had been in his imagination over the far too many months since

  he’d last seen her. He watched as she quickly pulled on the clothes she’d rescued from the floor. When she plopped down on the sofa, clutching her knees to her chest with her bare feet

  poised on the coffee table’s edge, she looked across the room at him. It was painfully clear she was less than thrilled about his surprise visit. George’s eyes swept the apartment. It

  was of generous size, sparsely appointed with what appeared to be new, nondescript furniture. To George it looked as if no one lived there. There were no knickknacks, no photos, just a stack of

  medical textbooks on an otherwise empty dining-room table.




  “Nice place,” George said, wanting to be positive. He was nervous but determined. After months of calling Pia and leaving unreturned voice messages and sending countless pleading

  emails and texts with barely a reply, George had talked himself into coming out to see Pia, using her birthday as the excuse for a surprise visit.




  Since they had last seen each other almost twenty-four months previously in New York, George had tried to change his persona, even dating a couple of attractive and personable women at the UCLA

  Medical Center, where he was a second-year resident in radiology. George thought he was stronger now, but now that he was in Pia’s company, he realized he was no less in love with her, if

  that was what it was. Love sounded better than obsession. His attraction for her had become part of his life and would probably remain so, as simple as that. It was as if he were addicted.

  Ultimately George didn’t totally understand his own behavior, he just accepted it.




  George approached the couch, trying to to make eye contact. As usual, Pia looked away. George was able to take that in stride. Over four years of medical school he’d grown accustomed to

  her inability to make eye contact. George had also done a lot of reading about reactive attachment disorder and post-traumatic stress disorder since he and Pia had graduated and parted ways.

  Earlier in their relationship, at Pia’s suggestion, George had contacted her former social worker, Sheila Brown, who had hinted without exactly saying that Pia was contending with these

  disorders. For George, knowledge was power, and the doctor in him wanted to help Pia and cure her, or so he had told himself. Such information was a great source of support for him and allowed him

  over the years to medicalize her inability to reciprocate his passion. This way he could weather what others might have found challenging, even devastating, to their self-esteem.




  Reaching the coffee table, George held out the flowers. Pia sighed, and as her shoulders sank, George’s heart fell with them. He’d hoped for a much more propitious reception.




  “Happy birthday . . .”




  “George, you know I don’t care about my birthday,” Pia commented, keeping her arms clasped together around her knees. “And that happens to be the sorriest-looking bouquet

  I’ve seen in a long time.” Her voice had lost a degree of its hardness.




  George glanced at the flowers. She was right. The blossoms were all wilted. He laughed at the flowers and at himself. “They have had a hard journey. I bought them at the L.A. airport on a

  whim; we had a middle seat on the red-eye to Denver, jammed between two people who must weigh three hundred pounds each. I held them the whole time, unwilling to consign them to the overhead bin.

  Then we stood all the way from Denver on a bus for ninety minutes before catching a cab here to your apartment.”




  “Why didn’t you run the idea of coming here by me first?” Pia asked, shaking her head in disbelief that George would fly all the way from L.A. on a whim, trusting she’d

  be receptive. It was something she would never do in a million years.




  “I couldn’t run the idea by you. You haven’t been answering voice mail, email, or texts. For all I knew, you’d been kidnapped again.”




  “Let’s not be overly melodramatic,” Pia said as a chill descended her spine. She recoiled at George’s comment as if he had slapped her. Since the episode of having been

  kidnapped back in New York as the culmination of a series of tragic events, she had tried to suppress the whole experience, but it still consumed her, as attested to by the nightmare from which

  George had just rescued her.




  “Okay,” Pia said with another sigh, noisily letting air escape from her lungs like a deflating balloon. “I guess you’re right, I have been out of touch, but not

  deliberately. I mean I haven’t been ignoring you specifically. I’ve been so busy, I’ve been ignoring everyone and everything.”




  Pia gathered her thoughts as the shock of seeing George and the anxiety of her nightmare abated. “Listen, I don’t mean to be an ass. I had a hard night. I worked till six this

  morning, and instead of sleeping when I got back, I went for a run. After that I tried to read. This isn’t a great time for me to have company.” Pia sighed again. The reality of having

  to deal with George was sinking in.




  The more her mind cleared, the more she realized that George’s sudden appearance was probably her fault, and not just because she had been ignoring his persistent attempts to reconnect.

  The problem really stemmed from what she had said to him, standing in a hospital room in New York two years before, at the very end of the events surrounding her kidnapping. She knew she’d

  encouraged him more than she should have. She’d talked to him about love, how she didn’t know what love meant and how she wanted to change and be more like George, who she knew loved

  her, as evidenced by his steadfast personal generosity, which he had showered on her, despite little encouragement from her.




  At the time, Pia and George had been speaking in the presence of their fellow medical student, Will McKinley, who was lying in a hospital bed, surrounded by monitors, stuck full of tubes and

  barely clinging to life. He’d been shot in the head, just like he had in Pia’s nightmare, and left for dead by Pia’s kidnappers, the men who wanted Pia and, secondarily, George to

  stop investigating the death of Pia’s mentor, Tobias Rothman, a death Pia had eventually proved to be murder. Pia felt another chill creep through her body. Thinking about the whole horrid

  affair and Will’s shooting was something she doubted she’d ever be able to come to terms with.




  “Have you heard anything new about Will?” Pia asked, hoping for some good news since she assumed George was more in contact with their previous classmates than she.




  “Last I heard, things were pretty much the same. That was a few weeks ago. Antibiotics still haven’t been able to rid him of infection. Nor have multiple surgical

  debridements.”




  Pia nodded. This much she knew. The persistent osteomyelitis in Will’s skull where the bullet had entered had proved to be resistant to all antibiotics. Of course she knew: Will’s

  continuing health problems were in large part why she was in Boulder, Colorado.




  “I’ll put these in some water,” said George, eager for something to do. “Maybe they’ll perk up.” He found a small kitchen off the living room and started

  looking for something for the flowers. Like the rest of the apartment, the kitchen looked barely lived in. The fridge was empty other than for some energy drinks and a couple of prepacked

  sandwiches. He picked one up and saw the “best by” date was more than three weeks in the past.




  “How about we go out and get some lunch?” asked George, who had not eaten since the day before and was ravenously hungry. He received no reply as he continued looking into cupboards

  for something akin to a vase. He found water glasses, but they were far too small. Finally he laid the stems in the sink and looked at them wanly. He himself didn’t feel much better than they

  looked.




  “Listen, George, I’m sorry I didn’t respond to your messages over the last couple of months or so.” Pia had gotten up from the couch and was now standing in the doorway

  of the cramped kitchen.




  George wanted to comment that she hadn’t responded to any of his messages for more than two months, but he bit his tongue. He tried to look her in the eye, but as usual she resisted.

  George wondered if Pia had tried to change, as she had promised back in Will McKinley’s hospital room. Would she ever be able to speak from the heart, or was she always going to keep a wall

  between them, fearful he might betray her? George knew what kept her from opening up. Her childhood in foster care from age six until age eighteen had been one of ongoing abuse and betrayal,

  sucking all the love out of her. She had learned to survive by going inward, not trusting anyone.




  “I know what I said in Will’s hospital room,” Pia continued. “I’ve tried to change, to be open to love, but I just don’t seem to be able to do it.”




  George wondered, as he had so often, if Pia could read his thoughts. But what was encouraging was that he also thought she looked convincingly pained. If it were true, he thought of it as

  progress of sorts. It certainly wasn’t bringing them together, but at least it might be a few steps in that direction.




  “My father suddenly reappearing like he did, saving my life at the eleventh hour, I suppose I should have been more thankful, but it was difficult. After abandoning me to foster care and

  all the pain that caused, he thought he could just march back into my life. He said he wanted us to be a family, as if that were possible. I had to get away from New York and from him and you

  didn’t help.”




  George looked at his shoes. He recalled the uncomfortable meeting he had had with Burim Graziani, born Grazdani, Pia’s father, without telling Pia beforehand, much less asking her

  permission. By that time Pia had refused to talk about her kidnapping to George or to anyone, and George had been questioned for days by the police. What did he know about the deaths of Pia’s

  boss, the renowned researcher Dr. Tobias Rothman, and his associate, Dr. Yamamoto? What had happened when Pia was abducted in the street and Will McKinley shot, events he had witnessed? Did he know

  where Pia had been held, and how she escaped? Had he ever heard of Edmund Mathews and Russell Lefevre, two bankers whose deaths were thought to be linked to Rothman’s? In truth, George knew

  very little, and when Burim called him, saying he was Pia’s father who had changed his family name after giving Pia up to foster care, and asked to meet, it was a bolt from the clear blue

  sky. Unfortunately George had thought he could help.




  When they met, despite George’s unfamiliarity with life’s unpleasant underside, he recognized in Burim Grazdani, he couldn’t adjust to Graziani, a very dangerous man. George

  had left their meeting in a café shaken up, but he had agreed to try to intercede between Burim and Pia. Once again his urge to try to help had got the better of him. When Pia had learned of

  the meeting she’d become enraged, screaming at George to stay out of her life, saying that this man who said he was her father was dead to her. It was one of the last times George had seen

  Pia before he left for Los Angeles and she had left for a supposed long sojourn on a beach somewhere, a trip Pia had never talked about to him before coming to L.A. herself.




  “I understand you wanted to get away from New York, and maybe it was best for you,” said George, even though he regretted her leaving terribly. “I understand your sudden career

  confusion and wanting to put off your internal medicine residency and getting a PhD because of Rothman’s death. I understand all that. But Boulder! Why Boulder . . . ?”




  “I love it here, George. I love the air. I love my work. I love the mountains. I’ve become a health nut. I started running, mountain biking, even skiing.”




  As Pia carried on about Boulder and exactly what she was doing in her current work, George stopped listening. He didn’t care about Boulder; what he really wanted to know was why she had

  not ended up in L.A., where Pia had said she was going before they had fallen out over her father. The fact that Pia had told him she was going to L.A. to do research for several years was the one

  and only reason he had turned down the residency at Columbia Medical Center and gone to Los Angeles himself. As he might have predicted, without Pia there, he was not fond of L.A. Pia was still

  talking.




  “. . . and another reason I came here to Boulder was because of Will McKinley’s osteomyelitis infection in his skull. If you haven’t guessed, I feel overwhelmingly guilty about

  his condition. Indirectly, I was responsible. My hope is that we can use nanotechnology in the form of a microbivore-based antibacterial treatment on him. We’ve got them here at Nano, and

  they work. What is needed at this point is FDA approval, which is what we’re going to be working for as soon as we finish preliminary safety studies. Ever since I’ve been here

  I’ve been working with these microbivores. They are amazing.”




  “Microbivores? You’ll need to fill me in a little.”




  “George, you weren’t listening. Didn’t you hear what I was just telling you about what I’ve been doing here for eighteen months?”




  “My mind wandered a bit,” George admitted. His uncertain smile returned. The hoped-for rapprochement with Pia was testing his less-than-perfect diplomatic skills.




  “I’m not supposed to be talking about what we are doing before all the patents are formalized, but what the hell. I haven’t breathed a word to anyone. I trust you will keep

  what I say under your hat.”




  “No problem,” George assured her. He wanted to encourage her. Counting on his confidence was a suggestion of intimacy, for which George hungered.




  “It’s going to be a new type of antisepsis,” Pia continued. “The antibiotic era of fighting bacteria is near its end. I mean, bacteria are developing resistance faster

  than new antibiotics can be found. The hope is that medical nanotechnology will come to the rescue and provide rapid cures, particularly for sepsis. Specifically, I’m convinced it could cure

  Will’s osteomyelitis.”




  “How will nanotechnology help Will?”




  “As I said: by using the microscopic nanorobots called, appropriately enough, microbivores, which I’ve been working with for almost two years. They are much smaller than red blood

  cells, and they eat bacteria and other microorganisms when introduced into the bloodstream of a living animal. They’ll even be able to be programmed to seek out, eat, and digest infectious

  proteins like prions or the tau proteins associated with Alzheimer’s disease, which antibiotics are useless against.”




  “I’m sorry to have to admit this, but my knowledge of nanomedicine isn’t the greatest. I mean, I know how it has contributed to sun screens, but that’s about

  it.”




  “Well, you are going to have to catch up or you’re going to be left behind. Medical nanotechnology is the future. It’s going to totally change medicine, probably as much as

  regenerative stem cell technology. Between the two, five or ten years from now, the practice of medicine is going to be completely different.”




  “Microbivores coursing around in the body eating up bacteria. Sounds like that old science-fiction movie Fantastic Voyage.”




  “I guess. I never saw it. But this is not science fiction.”




  “And they are smaller than a red blood cell?”




  “Absolutely. The ones I’m working on are ovoid, with their long axis about three micrometers long, which is six times smaller than the width of a human hair.”




  “I’m telling you: this sounds like science fiction.”




  “They’re real. I’m working with them every day.”




  “So, what about L.A.?”




  Pia cocked her head to the side and regarded George questioningly. “What do you mean, ‘what about L.A.?’ ” To her, George’s comment was a total non sequitur.




  “I thought you were going to L.A. to do research. You never mentioned Boulder . . .”




  “Well, there was a brief period when I thought I was going to go to L.A. I had found out there was a nanotechnology company in L.A. that was interested in microbivores, but their program

  is still in the design stage. I applied for a research position, but then I was contacted by a head-hunter who sought me out for the company here in Boulder called Nano, which has far outpaced its

  competitors in molecular manufacturing.”




  “You’ve lost me again. What’s molecular manufacturing?”




  “It’s building nano-sized devices essentially atom by atom, molecule by molecule. It is the key to making these nanorobots. The head-hunter told me that Nano had already built some

  microbivore prototypes and had begun testing them in vivo. At that point it was a no-brainer for me. You’ll have to see scanning electron microscope images we have of these things.

  They’ll blow you away. Truly. They are incredible.”




  “My mind is ready to be blown!” George said, looking at Pia, who returned his stare with more eye contact than usual. He could tell her formidable mind was in high gear. As so often

  happened, he worried that she could read his mind and realize how little he knew about what she was so passionate about and, if she could, the progress they seemed to be making reconnecting on a

  personal level would evaporate.




  “I guess I’m going to learn a lot about nanotechnology.”




  “Wait a second,” Pia commented. “George, you didn’t move to L.A. because I—”




  “No, no, of course not.” George desperately wanted to change this particular subject. He had moved to L.A. because of Pia for sure, but at the moment he didn’t want to

  admit it and look weak. He knew Pia hated when he seemed weak and apologetic. “This work with microbivores must be fascinating,” he continued lamely. “Will you be able to show me

  what you are doing? I’d love to check it out.”




  Pia continued to regard George with an intensity that made him look away.




  “I really am starved,” George said, needing to say something. He rubbed his hands together nervously and changed the subject. “What about some lunch? You must be hungry

  yourself.”




  Pia glanced over at George’s roller bag, then back to George. “Where are you intending to stay?”




  “Actually, I was hoping . . .” George said, smiling his broadest, albeit insincere smile. It had worked in the past with other women, but he feared it was wasted on Pia.




  Pia closed her eyes for a moment and shook her head almost imperceptibly. “How long are you intending to stay in Boulder?”




  “Not long,” George added hopefully. “I only got a couple of days free. I told my chief it was a family emergency. I have to go back on Tuesday. I’m hoping to talk you

  into reciprocating and coming out to L.A. sometime soon.”




  “Okay, we’ll talk about that later. Lunch? Sure, but it’ll have to be fast. Then how about we head out to where I work. I can show you some of what I’ve been doing. The

  fact is, I’ve got a couple of experiments running I need to check on within the hour.”




  “Sounds good,” said George. He brightened. It seemed like progress, of a sort.
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  ABOARD A GULFSTREAM G550 JET OVER THE WESTERN


  PACIFIC OCEAN EN ROUTE TO BOULDER MUNICIPAL AIRPORT




  SUNDAY, APRIL 21, 2013




  Zachary Berman was happiest when he was flying, and preferably, as he was now, on the Gulfstream jet owned by Nano, LLC, of which he was the majority stockholder, president,

  and CEO. He loved the feeling of time being suspended as the plane sped on toward its destination at 51,000 feet, currently far above the seemingly limitless expanse of the Pacific Ocean, heading

  for the North American continent. However hectic and stressful his life was on the ground, in the air he felt detached, safe, maybe even invincible. The plane had communications that rivaled those

  of Air Force One, but by turning them off, he had plenty of time to plan, strategize, and gloat about Nano’s progress, especially on a long flight like this one: Beijing to Boulder, more than

  six thousand miles as the crow flies. Of course Zach, as most people called him, knew that his plane’s journey would be less than that, due to the plane’s polar route and the oblate

  shape of the earth.




  As far as Zach was concerned, the trip had been a great success to the point of bringing a smile to his face. Putting his work aside, he lowered the back of his chair and raised the footrest,

  turning the seat into a comfortable lounger. Cradled in the hand-selected, hand-stitched Moroccan leather, he thought about Nano’s spreadsheets and capital needs. A smile appeared on his

  stubble encrusted, masculine face. For the moment things seemed to be going swimmingly. He even allowed himself to doze.




  About an hour later, as Berman nursed the dregs of what would be his last single-malt scotch of the trip and with the back of his chair in the upright position, he idly looked out of the

  plane’s small window. His mind turned as it often did to his father and to the question of what he would have made of his son’s enormous recent success and flying home from a business

  trip to China in a sumptuous private jet that was, for all practical purposes, his. Every day as he looked in the mirror to shave, Zachary flinched at his progressive resemblance to his late

  father, Eli, especially now that Zach was closing in on fifty.




  This was one reason he kept his thick, slightly salt-and-pepper hair considerably longer than his father’s closely cropped style. Zachary’s expensive cut would have made the older

  man blanch. Growing up in a middle-class home in a strongly blue-collar neighborhood in Palisades Park, New Jersey, Zachary often saw flecks of paint in his dad’s hair, an occupational hazard

  for a painting contractor, and he wondered why his father took so little interest in his appearance and what it implied. When Zach worked summers for his dad, from the time he was fourteen through

  college and grad school, he always wore a baseball cap as protection against such paint splatters. He’d worried their presence would mark him as a mere day laborer. From an early age, Zach

  had set his sights high.




  A more profound disconnect between father and son was over what Zachary saw as Eli’s contentment and fundamental lack of ambition. Even as Zachary excelled at Yale as an undergraduate and

  at Harvard Law School, Eli plodded along in the paint business without any concern to make it grow. Still, his father felt entitled to deride his son’s inability to play baseball as well as

  he had, and had railed at his decision not to go into medicine as Eli had so vociferously voiced.




  As the years passed, Eli’s contempt for his son’s career choices only increased as Zachary abruptly abandoned his rather well-paid corporate law job in Manhattan to enter the

  financial world, and then, after ten years, quit his extremely lucrative job as an analyst on Wall Street. Zachary had tried to explain to an uncomprehending Eli that he had become bored and

  thought of Wall Street as a big con, believing there was much better money to be made and certainly more satisfaction in actually creating something, not just playing around with paper, betting on

  a rigged market with other people’s money.




  Zachary’s watch sounded a single soft chime, reminding him of the time and hence the proximity of their destination, and he swiveled in his seat to face the back of the plane. Halfway down

  sat Berman’s private assistant cum secretary, Whitney Jones. She looked right at Berman, ready for his instruction. In one of her straight-line Chanel suits, she was exquisite. Her black hair

  was pulled back from her face to show off her striking features, which combined the best of her African American father and Singaporean Chinese mother. For Zach, seeing her profile never failed to

  remind him of the famous bust of Nefertiti housed in the Neues Museum in Berlin. Berman merely tipped his head very slightly, and Jones, ever attentive, unclipped her seat belt. With an equivalent

  return nod, she stood. From previous instructions, she knew it was time to wake up their guests.




  Confident that everything was being taken care of, Berman turned his attention back to the view and to his reverie. “A day’s hard work is its own reward,” Eli Berman had

  probably said once a week over the course of his whole adult life. He was distressed that his son couldn’t seem to settle on anything and failed to appreciate what Eli had learned in the

  decades he had given to his paint business. Berman smiled. He far preferred being at 51,000 feet in a Gulfstream jet to any satisfaction gained from a day’s manual labor.




  Zachary absentmindedly played with his wedding band. The coming weeks were vitally important to his enterprise and billions of dollars were at stake, yet his wife and children, who should have

  been more involved in his triumph, were in New York City, barely aware of Zachary’s work and the role he was playing in the fantastic evolution of nanotechnology. Zachary had wanted children,

  or so he thought, but he found domestic life as humdrum as he’d found corporate law. Ever since he’d been a child he’d been addicted to challenge and creativity. He couldn’t

  stand status quo and predictability. He’d broken his wedding vows many times, even with Whitney Jones on a few occasions, and he’d come to think of his own family with little sentiment

  above and beyond the need to provide for them in an appropriate manner.




  “Work is its own reward,” Zachary silently mouthed contemptuously. It had been another, similar one of his father’s dictums. “Somebody should have told that to

  Jonathan,” Zach added. Jonathan had been Zachary’s beloved younger brother, the one who could play baseball, and Eli’s obvious favorite, who had died in agony from bone cancer,

  the failed treatment proving to be even worse torture than the disease.




  “No, Dad, the reward is whatever you can take, whenever you can.”




  Zachary changed when Jonathan died. He’d always pushed himself, but after his brother’s demise he had become supercharged, and had started to be reckless. He left Wall Street when

  Jonathan had been diagnosed, and Zachary helped Jonathan run their father’s firm while Jonathan was being treated.




  Unfortunately Jonathan’s aggressive cancer was not to be denied, and he died within four months. As if from a broken heart, Eli, who had developed rapid-onset dementia, followed quickly,

  leaving Zachary, a cynical and ambitious man, in charge of a moderately successful company that was poking along with seemingly little upside.




  As a gesture of respect to his brother and his father, Zachary gave himself six months to make something of Berman Painting and Contracting, taking on the challenge at sixty miles per hour. He

  cut prices aggressively, hired more crews, and immersed himself in the details of the business, looking for some angle that might persuade him that it was worth his time. When Zachary found an

  article about the possible uses of nanotechnology in paint he almost didn’t bother to read it. Paint was paint was paint. What relevance could it have for him when he was busting a gut trying

  to establish a foothold over the competition in northern New Jersey?




  But Zach did read the article, particularly a section about research into the use of carbon nanotubes in paint that could block cell phone signals in a concert hall. He read the piece again and

  quickly went on to read all he could find on nanotechnology. Zach was convinced this was fertile ground that was virtually unexplored and certainly underexploited. There was so much about

  nanotechnology that he didn’t understand, but the potential was obvious, exciting, and challenging. In college he’d steered clear of chemistry, math, physics, and even biology. He now

  regretted it. He had a lot to learn, and he applied himself with the zeal of a starving man having stumbled into a grocery store.




  Within weeks, he had sold the business at a healthy profit and given all the proceeds to Jonathan’s widow, and with that he felt he had fulfilled his obligation to his brother’s

  family. When his mother was diagnosed with Alzheimer’s some months later, and Zachary realized nanotechnology might possibly offer some hope, he felt thoroughly vindicated. Suddenly he was

  consumed by the promise of nanotechnology in the medical realm. What if he could cure bone cancer as a fitting tribute to his late brother? And what about his mother? Could he help her? Why not?

  With nanotechnology the sky was the limit.




  Zachary felt a light pressure on his arm. It was Whitney. As she leaned in to whisper, Zachary smelled the fetching perfume she wore as well as her personal pheromones, and the scents conjured

  up a brief but welcome image of her long, toned body stretched out on a bed.




  “They’re all set,” Whitney whispered. “We’re landing in forty-five minutes.”




  Zachary nodded and stood up and stretched his arms, shoulders, and legs. His clothes—black T-shirt and blue jeans—fit tightly over a muscular body. Zachary was health conscious,

  particularly after Jonathan’s sudden illness and demise and his parents’ dementia. Even when he was busy, which he always was, he found time to work out and eat healthfully.




  Berman freely admitted he’d become something of a hypochondriac, and he regularly took advantage of the fact that Nano employed a number of doctors. What consumed Zachary was the fear that

  he would suffer the same Alzheimer’s dementia he witnessed in both his parents as they descended relentlessly into total helplessness. Hoping to reassure himself, he had himself tested for

  the apolipoprotein E4 gene associated with an increased risk of the disease. To his horror, the test had the opposite effect. He’d learned that he was homozygous for the gene, a factor that

  increased his risk, as did the fact that both his parents had had it. For Zach, his interest in medical nanotechnology became a personal obsession.




  “Time for our little speech,” said Zachary, and he followed Whitney toward the rear of the plane. Seated in leather armchairs similar to his were three Chinese men attired in

  carefully tailored Western-style suits. In a jump seat in the very rear of the plane was a large and serious-looking Caucasian man whose bulky jacket concealed a variety of airplane-safe weapons: a

  Taser, knives, and a rubber truncheon. He had never had cause to use any of these on a trip such as this because the main cargo was very secure. Four figures in shapeless brown jumpsuits slumped in

  the facing banquettes. The plane’s manufacturers may have designed the seats and table for a card game or a meal on a long flight, but Zachary had found the arrangement perfect for his

  purposes. The four, three men and a woman, were shackled together and chained to the table. They were unconscious, having been tranquilized when they had reached altitude.




  Berman and Jones stood side by side. Zachary spoke and Whitney translated into her perfect Mandarin for their Chinese guests. Her fluency in the language was one of the reasons she was paid more

  than a million dollars a year.




  “We will be landing at our destination shortly,” Berman said. “Please follow our representative into the vehicle that will meet the plane. We will proceed directly to the

  research plant, where you will be staying in very comfortable accommodations. Our luggage will follow us to the facility.” Berman motioned to the four passengers with his head, including them

  as part of the plane’s designated cargo.




  “We are entering a very exciting phase of our partnership. As we advance together toward our common goal we must focus on the end objective that we have all identified, toward which we

  have been working so hard.” Berman paused and waited for Jones to finish. He finished in Mandarin.




  “Welcome to Nano.”




  The men nodded and muttered a greeting of their own. They seemed nervous, aware of the responsibility the secret branch of their government had placed upon them.




  Berman resumed his seat, steepled his fingers together, leaned back in his chair, and closed his eyes. For the last few minutes of the trip home, he wanted to think of the best reason he could

  for getting back to Boulder. On the trip out to China and even as he was conducting his vital business, his mind had been preoccupied by the same thoughts . . . Pia Grazdani.
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  NANO, LLC, BOULDER COLORADO




  SUNDAY, APRIL 21, 2013, 12:33 P.M.




  “So the company you work for is called Nano. What’s the main guy’s name again?” George shouted to make himself heard above the sound of the wind and

  raspy growl of the VW’s engine. It was a fire-engine red VW GTI. He didn’t even know Pia could drive, let alone like this. He gripped the edges of his bucket seat and nervously watched

  the winding road as Pia slalomed along.




  Every time they turned, he reflexively pressed his left foot against the floor pan as if he could influence what the car might do with an imaginary foot brake. The last thing he wanted was for

  the vehicle to spin out on one of the hairpin turns. They were heading up into the foothills of the Rocky Mountains that cascaded down onto Boulder like an angry sea. The aspens were still leafless

  despite the fact that it was almost May, and their spidery branches, in contrast to the dark evergreens, looked yellow. On straightaways, where he felt he could release his life-or-death grip on

  the seat, George wrapped his arms around himself. Coming from Los Angeles, he thought the place was damned cold. Pia seemed immune. She was still dressed in her jogging clothes and a sweatshirt

  thrown over her shoulders.




  “Berman. Zachary Berman,” Pia yelled back. The car’s windows were down, and the wind was whipping around her jet-black, nearly shoulder-length hair. She was wearing a pair of

  cycling sunglasses that curved around the side of her head. When George hazarded a glance in her direction, he saw a distorted reflected image of himself. His hair was standing on end and his face

  was twisted horizontally.




  “What’s he like?”




  “I don’t know much about him,” said Pia, telling a white lie. Despite what she wasn’t telling George, Pia didn’t know a huge amount about Berman above and beyond

  what was in the press. He was a kind of international playboy in the mold of a few other more famous, relatively young, highly successful business entrepreneurs such as Richard Branson and Larry

  Ellison. But she did know that although he was married with kids, it was, in his words, an open marriage.




  The reality was that Zachary Berman had happened upon Pia in one of Nano’s several cafeterias and was actively pursuing her. At first Pia had allowed herself to have a few casual dates

  with the man because she was truly impressed with what he was accomplishing in nanotechnology and the promise he represented in medical nanotechnology. But when he started to get personal, and she

  learned about the Berman family in New York, she put an end to it, to Zachary’s chagrin.




  Then it became a problem. As a man unaccustomed to hearing the word no from a woman, he’d become a pest, as far as Pia was concerned. Even if he hadn’t been married, she

  wouldn’t have been all that interested in any kind of a relationship. She was in Boulder to work and recover from the emotional trauma she’d experienced in New York City. Besides, she

  didn’t even know if she was capable of a relationship even if he was not the driven, selfish man she thought he was. Over the years, Pia had become quite knowledgeable about her social

  limitations.




  “Is he single?” George continued.




  “No, he’s married with two kids,” Pia shouted back without elaboration, hoping the topic would end there. She didn’t want to trouble George with the information that

  Berman was attracted to her and that his attentions had gotten to the point of being bothersome. Also in the back of her mind was the gnawing discomfort that Berman was due back that very day from

  an important business trip that had thankfully taken him away for almost two weeks.




  “How old is he?” George persisted.




  “Late forties, something like that.” Pia clenched her teeth. George could be tedious about such things.




  “I think I saw a picture of him,” George said. “It was in People magazine, taken at the last Cannes Film Festival. He has one of those big yachts.”




  “Really?” Pia responded vaguely, as if she weren’t interested, and she wasn’t.




  “Was he involved when the company, as you said, gave you this car?”




  Pia massaged the leather steering wheel. She didn’t like where the conversation was going but didn’t know how to prevent it, short of saying she didn’t want to talk about

  Zachary Berman, which would have conveyed the message she was trying to avoid. George was behaving exactly as she remembered he did—he was always full of questions that probed her private

  life. He had fussed around Pia’s apartment for twenty minutes before she could get him to leave, with his litany of questions about whether or not she was looking after herself properly with

  no appropriate food in her refrigerator, suggesting that perhaps she wasn’t actually living there. Pia knew George was trying to find out if Pia was seeing someone.




  “Actually, he was involved. He had found out that I had been cycling to work and wanted me to have one of the company cars. He said it was too dangerous on the mountain roads, especially

  at night when I have to go in to check on some of my experiments.”




  “It looks brand new,” George said, glancing around the interior.




  “Guess I got lucky,” Pia responded, looking over at George. George was annoying her, but maybe his showing up like this might actually serve a positive purpose. Perhaps it was a way

  to discourage Berman from pestering her.




  “Pia!” George yelled.




  She looked back at the road and something flashed in front of the car. There was a dull thump.




  “We hit something,” said George, and he turned around to look behind. Pia slowed the car, stopped, and flipped into reverse. She then backed up the road faster than George would have

  preferred. Pia stopped and jumped out of the car, the engine still running. Before George could get out, she came around to his side of the car, holding something in her hand. George got to his

  feet to see what it was.




  “It’s a prairie dog,” she said. “Must have barely clipped it; at least I hope that was the case. It’s alive, I think. Damn, I hate this kind of thing.”




  Pia cradled a small fur ball in her two hands. George could see a creature like a fat squirrel. It didn’t look like it was moving too much.




  “They’re all over the place farther down the mountain,” said Pia. “What are you doing up here, little guy?” Her voice was quiet and kind, and awakened in George a

  confusion he’d harbored about Pia. He knew she could be remarkably dismissive of people, himself included, as if she thought others had no feelings. But with animals, she couldn’t be

  more caring. In physiology lab during the first year of medical school, Pia had refused to take any part in elaborate experiments using dogs, because the animals were euthanized at the end. Even

  stray cats around the med school dorm never failed to get her attention in some form or another.




  “Here, you take him!” That was more like Pia, George thought. She handed him the small, still-warm bundle. “There’s a vet in town that’s open on weekends.

  We’re making an emergency detour.”




  George held the animal as they drove in silence back into Boulder proper. George thought the creature was dead, but Pia intently stared ahead, a woman on a mission. Over the next half hour, they

  visited the vet clinic and determined that, yes, the animal was dead, most likely of a broken neck. Pia was as upset as George had ever seen her, her eyes even watery. For George that was

  definitely a first.




  Leaving the vet, George was pleased when Pia pulled into a nearby Burger King. They didn’t talk until they’d gotten their food.




  “Sorry about the little guy,” George offered to break the silence.




  “Thank you,” Pia said. She took a fortifying breath. “It’s the second time it’s happened. The last time I had trouble sleeping for days.”




  Wanting to change the subject, George said, “Back at your apartment, when you were explaining that Will’s infection influenced your coming here to investigate nanotechnology as a

  possible cure, it reminded me of Rothman, and his death. I know you didn’t want to talk about it back then, but I’d love to know what really happened. I know those finance guys in

  Connecticut were involved, but who actually did the killing? Do you know?”




  Pia put down her burger and stared hard at George with dark pupils so huge that George thought he could drown in them. Her full lips narrowed. She looked as if she were about to combust. George

  put down his burger, afraid of what was coming. He leaned back in his chair to create a little distance.




  “I’ve said this once and I’m not going to say it again,” Pia hissed, leaning forward with narrowed eyes. “Time is not going to change the way I feel. I’m not

  going to talk with you or anyone else about Rothman’s death. Not now, not ever! Just understand that the people who ordered it are gone. That’s enough. Although I know it was done with

  polonium-210, I don’t know exactly how it was carried out, nor exactly who did it, but I do know that if I talk about it, I will be killed. And if I were to tell you what I do know,

  you’d be killed.”




  “Okay, okay!” George managed. He could see fire in Pia’s eyes. “I won’t ask again.”




  Pia’s face relaxed. She did know that Rothman’s and his colleague’s murders were carried out by an Albanian gang that was a rival to one in which her long-estranged father was

  a high-ranking member. What she had been told was that if she talked about what little she knew, it would not only lead to her and George’s deaths, but would excite a blood feud between the

  two rival gangs, with scores of people probably ending up in the ground. It was a lose-lose situation and a responsibility that Pia could not bear.




  Pia and George finished their lunch in silence. It wasn’t until they drove within sight of Nano, LLC that they talked.




  “This place is impressive,” George said, gazing at the institution as they pulled up to a vehicular gate. The landscaped complex was far larger than he would have imagined,

  comprising multiple modern buildings, some as high as five stories tall, that stretched off into dense clumps of huge evergreen trees. The whole area was surrounded by a towering chain-link fence

  topped with razor-encrusted concertina wire. It appeared more like a military base than a commercial establishment. “Looks like they take security very seriously here.” The people

  inside the booth were all dressed in smart, military-style uniforms.




  “You got that right. As fast as nanotechnology is expanding, the competition is fierce and contentious. Nano has its own legal department with a number of very busy patent

  attorneys.” Pia waited as one of the security men slid open a door and stepped out of the booth.




  Pia handed over her identification, which the guard examined carefully. He then looked over at George expectantly.




  “He’s with me,” Pia said. “He’s a guest of mine.”




  “You’ll have to head over to the central security office and talk to a supervisor,” the guard said. His tone wasn’t friendly, but it wasn’t unfriendly, either; just

  professional.




  As the gate lifted and Pia drove forward, she said, “I’ve never brought a visitor here. It’s not really encouraged.”




  “Is it going to be a problem?”




  “Let’s see what they say at the central office. I can’t imagine they’re not going to let you come in, at least to the building where I work. I see FedEx people and the

  like there every day, so it is not as if it is off-limits to outsiders.”




  “Maybe you should go in alone and do your thing. I could always just hang out in the car beyond the fence until you’re finished.”




  “Oh, come on, George. Nothing ventured, nothing gained.”




  George fought back the timidity that overtook him whenever Pia was taking him somewhere he thought he wouldn’t be welcome. In medical school she’d come close to getting them both

  kicked out when she became hell-bent on investigating the deaths in the laboratory where she was doing an elective, despite the administration’s very specific warnings against it. But this

  was a scientific lab. What would they have to hide from him? He was a radiology resident, for chrissake.




  In the ultramodern, spacious lobby, Pia went directly to the security office and asked for a supervisor. As they waited, they looked at the banks of closed-circuit monitors watched by attentive

  staff. Scenes of labs, corridors, and common areas throughout the complex changed rapidly on the screens.




  When the supervisor appeared, she examined George’s driver’s license and hospital ID, interviewed him briefly, had him sit in front of an iris-recognition recorder, then wordlessly

  disappeared back into the bowels of the department. After more than twenty minutes, she emerged, handed George’s IDs back to him, and then gave Pia his pass.




  “He’s your responsibility while he visits here,” she said matter-of-factly.




  “Let’s go, we’re all set,” Pia said.




  “What do you think took so long?” George asked as he followed Pia back out into the lobby.




  “I’m sure they ran a background check on you. They must be relieved you’re a radiology resident at UCLA, since there’s little chance of your being some kind of industrial

  spy. My sense is that’s what they’re paranoid about.”




  Before accessing the elevators, Pia and George had to swipe their passes and then peer through the iris scanner. Green lights showed all was in order. George had seen security like this before,

  but only in movies.




  “So what’s in this building besides your lab?” George asked as the elevator rose to the fourth floor.




  “This building houses all the general biology laboratories. There’s a lot of biology research going on because the powers that be at Nano are convinced that the real future of

  nanotechnology is going to be in medicine.”




  “The complex is huge. What goes on in all the other buildings?”




  “I haven’t the faintest idea,” Pia said.




  “You’re not curious?”




  “Somewhat, I suppose. But not really. Most current nanotechnology applications are concerned with paints, lightweight materials, energy generation and storage, fabrics, and informational

  technology—nonmedical uses like that, which doesn’t interest me in the slightest. I do know that Nano has some medical diagnostic products on the market, like sensors and DNA arrays for

  in vitro testing and sequencing. That I would find more interesting, but not the other commercial stuff. All I’m really interested in is their nanorobot microbivores, the ones I’m

  working with.”




  The elevator stopped and the doors silently opened into a blindingly white, fluorescent-lit corridor. Pia strode off with George tagging along behind, squinting. He moved his sunglasses down

  from their perch on top of his head to shield his eyes.




  “As I mentioned back at the apartment,” Pia continued, “Nano has made major strides in molecular manufacturing so they can build complex devices here atom by atom, such as the

  microbivores.”




  All of a sudden Pia stopped, and George stopped, too. “Does it sound like I’m giving you a lecture? Maybe you don’t want to hear all this. You can just tell me to shut up.

  I’m really excited about what I’m doing here. I might have come to Colorado mainly to get away from New York and my father, to deal with my guilt about Will, and to clear my mind

  career-wise, but work here has taken me over. I find it as engaging as what I had been doing back with Rothman before he died.”




  “I want to hear about it,” George said, eager to keep Pia talking. “Really, I do.”




  “Are you sure?”




  “I’m sure.”




  “Okay, because I think you’re going to be intrigued, provided you listen instead of zoning out like you did in the apartment.”




  “I’m listening!”




  Pia started walking again, gesturing with her hands as if she were fully Italian rather than just half. George followed, keeping up with her, watching. In truth he was only half-interested in

  the details of what she was saying. The other half was just enjoying her company, her excitement, and her remarkable physiognomy, with her almond-shaped eyes; incredibly long, dark eyelashes;

  delicately sculpted nose; and absolutely flawless skin. George would be happy to follow her anywhere. He was a basket case, but so be it, even if he had little understanding of why.




  Pia took George at his word and kept talking: “Each individual microbivore has more than six hundred billion atoms arranged in its elaborate structure. It’s actually a bit more than

  six hundred billion, but what’s a few billion here or there?” She laughed at her own humor. “They are tiny, functioning robots with movable arms that seek out and grab pathogenic

  microbes and guide them into a digestion chamber, where they’re eliminated. It’s incredible. Okay, here we are.”




  Pia stopped in front of a blank door protected by another iris scanner. She positioned herself, mostly her head, so that the sensor could scan her iris. A light over the door clicked green.

  George was about to follow suit when she restrained him. “You don’t have to do anything. This scanner is just to get the door open.”




  Once inside, George immediately thought of Professor Rothman’s lab back at Columbia, but this was larger and more modern. He heard the familiar low hum from the vent hoods and from the

  array of medical machinery dotted around the room.




  “Impressive,” George said.




  “It is. My boss keeps telling me there’s fifty million dollars’ worth of equipment in this lab alone.”




  “Your boss, this Zachary Berman guy?”




  “No, he’s the big boss. My direct boss is a woman named Mariel Spallek, who’s not my favorite person in the world.” Pia didn’t elaborate. She put down her backpack,

  picked up a ledger, and moved over to a central display console with readouts from all the biotech equipment. With a pencil Pia ticked off some boxes in the ledger and wrote in others.




  “Everything okay?”




  “Looks that way. My iPhone would have alerted me if something was amiss. But things are looking good. Until this series of experiments, we’d been having biocompatibility issues with

  the microbivores. Back when we first introduced them into our animal models, we were surprised to see some allergic reactions. Not a lot, but enough to be troublesome. When it comes to the mammals,

  especially the primates and humans, there cannot be any reaction. Initially we found that our subjects’ immune system could occasionally treat the microbivores as foreign invaders, which, of

  course, they are. Why we were surprised is because the surface of the microbivores is of diamondoid carbon, which is about as nonreactive and as smooth as can be. Are you following me?”




  “Yes, sure,” George said almost too quickly. Nonetheless, Pia kept talking.




  “What we deduced was that some molecules had adhered to the microbivore’s surface despite its presumed nonreactivity, leading to some level of immune response. I assume you remember

  all this from immunology in med school. Do you?”




  “Oh, yeah. Of course!” George said, hoping to hide the fact that he remembered little of what Pia was talking about. Pia’s retention of such minutiae always impressed him.

  Whenever she spoke about science, her face radiated a kind of passion. She also had no trouble maintaining eye contact, which she could not do in general conversation, especially conversation

  involving anything personal, like emotions.




  George nodded enthusiastically. He tried to think of an intelligent question, which wasn’t easy as close as they were standing together. He could smell her wonderful aroma. It was

  erotically intoxicating thanks to his memory of the few times they had had sex. “What kind of animals are you using as subjects for these studies?” he managed, even though his voice

  cracked.




  “A type of roundworm, but we will soon be moving to mammals, provided these subjects show no immune response, which so far seems to be the case. I’m not looking forward to working

  with mammals, as you can well imagine. I’m sure you remember my feelings about that.”




  George nodded again, knowingly.




  “If and when you get to injecting these microbivores into human subjects—into Will McKinley, for instance—how many microbivores would be involved?”




  “Somewhere in the neighborhood of a hundred billion, about the same number of stars in the Milky Way.”




  George whistled. “How big a bolus would that be?”




  “It wouldn’t be big at all. About one cubic centimeter diluted in about five ccs of saline. It gives you another appreciation of how small these things are. Each one is less than

  half the size of a red blood cell.”




  “So this is what you have been working on for the last eighteen months, the biocompatibility of these microbivores?”




  “Yes. It’s the main thing I have been doing, and we’re making progress. There was a breakthrough of sorts when I suggested that some oligosaccharide polymers be incorporated

  into the microbivore’s diamondoid surface.”




  George couldn’t keep himself from wincing at this comment. Pia was talking way over his head. He vaguely remembered the word oligosaccharide from first-year

  biochemistry—something about complex sugars—but that was about all. To divert attention from his ignorance, he quickly said, “You mentioned back in the apartment having some

  scanning electron microscope images of these microbivores. Can I see them so that I have an idea of what we’re talking about?”




  “Good idea,” Pia said with enthusiasm. She led George to a nearby computer terminal, and with a few clicks she brought up an im age. She stood aside and proudly gestured toward the

  screen. The image was in black-and-white, showing multiple, dark, shiny microbivores in the presence of a larger donut-shaped object. Pia pointed toward the object. “That’s a red blood

  cell. The rest are the microbivores.”




  George stepped closer for a good view. What he saw amazed him. “They look like spaceships with a big mouth.”




  “I never thought of it that way, but I see your point.”




  “What are all these circular objects arranged around the hull?”




  “Those are the sensors that detect the targeted microorganism or protein, as the case may be. They also contain reversal binding sites to cause the target to stick. The very tiny circles

  surrounding each sensor are the grapplers that come out to move the target along the microbivore in a kind of bucket-brigade fashion before pulling it into the digestion chamber.”




  “Is that what this hole is?”




  “That’s right. Once the target has been swallowed, so to speak, it is enzymatically digested into harmless by-products, which are then pushed back out into the

  bloodstream.”




  “And this whole thing is six times smaller than the width of a human hair? It seems incredible.”




  “It’s got to be that small to get through the smallest capillary, which is about four microns in diameter.”




  George straightened up and looked at Pia. She was still doing well with maintaining eye contact with him. “How does this miniature robot know what to do and when to do it?”




  “It has an onboard computer,” Pia said. “Thanks to nano circuitry and nano transistors, it has a computer with five million bits of code, twenty percent more than the Cassini

  spacecraft had in its onboard computer on its mission to Saturn.”




  “It’s all hard to believe,” George said, and he meant it.




  “Welcome to the future. When we get back to my apartment I’ll give you an article on microbivores written more than a decade ago by a futurist named Robert Freitas. He predicted all

  this back when molecular manufacturing was nothing but a pipe dream. It’s pretty exhaustive.”




  “I bet that’s fun reading,” George said, unable to resist a bit of sarcasm. Luckily it went over Pia’s head, as she had returned her attention back to the microbivores

  image. From her expression and posture, he could tell how proud she was about what she was doing.




  “I think you’ll find it fascinating.”




  “So doing this is what the head-hunters brought you out here to Boulder for?”




  “No. What brought me out here was that the CEO, Berman, had read about Rothman’s work on salmonella that I was involved with. You see, from an operational standpoint, microbivores

  are having a problem with bacteria that have a flagellum. You know, little whip-like tails, like salmonella has. When the microbivores ingest a salmonella, the flagellum doesn’t get into the

  digestion chamber but rather gets detached and floats off, and the flagellum can cause as much immunologic havoc as the intact bacteria. With my experience with salmonella in Rothman’s lab,

  they thought maybe I could help with this problem.”
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