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Environmentalist and writer Bill McKibben has relentlessly criticized global consumer culture and the unquestioned worship of economic growth. McKibben's The End of Nature warned that our failure to control fossil fuel burning technologies threatens environmental and human devastation from global warming. Enough, his latest book, forecasts an even darker scenario in the new world engineered from biotechnology, nanotechnology, and evolutionary robotics. Less than a decade ago, claims about the potential for modification, transformation, and ultimate erasure of the human species posed by these technologies seemed the fantasy of a techno-enthusiast contributing to Wired magazine. Now, McKibben reports in this sober and well-informed assessment from the frontiers of bioscience and robotics, these developments are both rapidly maturing and veering inexorably out of control. McKibben is not a Luddite; his balanced appraisal should be taken seriously. 

The first slip on the slope toward modifying humans out of existence is genetic engineering. McKibben applauds the prospects of genetic engineering when limited to the domain of somatic gene therapy. In this case, we do not tamper with the fundamental hereditary materials passed to future generations in the germline. Rather we repair some specifically affected cells, such as lung tissue of a cystic fibrosis patient. There, by inserting the appropriate gene in a sufficient number of cells through a viral vector or other means, diseased cells are instructed to make the correct proteins, allowing the cystic fibrosis sufferer a more comfortable life without fluid buildup in the lungs. The first somatic gene therapy cures appeared in 2001; McKibben believes that many more are likely soon. He heartily approves of this line of work, which is essentially in accord with traditional therapeutic medicine. 

The problem lies in confining the genetic engineering of humans within the boundaries of somatic therapy. McKibben observes that human germline manipulations were considered both forbidden and technically impossible at the beginnings of the Human Genome Project. But the lid came off in 1998 after Gregory Stock organized a UCLA meeting entitled "Engineering the Human Germline," which was attended by a Who's Who of human genome researchers (2). Following Stock's enthusiastic embrace of germline engineering as the natural endpoint of the genomic revolution, growing numbers of genome scientists have accepted such therapy as inevitable. Indeed, many see it their moral responsibility to eliminate genetic diseases such as cystic fibrosis, Tay-Sachs, and Down syndrome by repairing the germline. For McKibben, the problem is where to draw the line with respect to the use of such therapies. At first glance, the elimination of horrific diseases through germline engineering seems a laudable goal. The difficulty, McKibben argues, is that effective germline engineering must be coupled with cloning and other techniques, such as the design of satellite DNA-based artificial chromosomes. These technologies and the flood of knowledge about genes and their specific functions now rapidly emerging in postgenomic science are creating the possibility of high- powered germline design work. They are likely to be used not only to eliminate diseased genes but also to enhance height, intelligence, athletic ability, or just about any trait imaginable. Citing Princeton biologist Lee Silver, Johns Hopkins political economist Francis Fukuyama, and others, McKibben argues that market forces in our consumer culture and the natural desire to equip our offspring for the competition for the good life will inevitably lead us to drop all scruples and embrace wholesale germline engineering. Thus, using the technology for any purpose starts us on the road to leaving human nature behind. The author sees the final slip down the slope of germline genetic engineering to the precipice of posthumanity coming in the fusion of biotech and nanotechnology. Among the genetic enhancements that he points to as treading the line of "enough" is current work on cell aging, which holds out the prospect of much longer lives--possibly even immortality. To realize that admittedly distant vision, nanomedicine will have to provide nanobots to cruise our bloodstreams, attacking pathogens and building new cells and even new organs. Proponents point to the soundness of nanoscience's first principles and the realistic prospects of building programmable nanoassemblers capable of replacing our current manufacturing technologies with superior materials and devices. Recent breakthroughs in this area have spurred large-scale venture capital investment and led the U.S. National Science Foundation to predict a market exceeding $1 trillion by 2015. Paralleling his views of somatic therapy, McKibben sees much of nanoscience proceeding along recognizable paths of innovation. Where things begin to get uncomfortable for him is in the progressive list of computational enhancements to human capabilities imagined by robotics scientists such as Rodney Brooks, Hans Moravec, and Ray Kurzweil. Such enhancements will lead to seamless articulation between biological organism and intelligent machines, and ultimately to downloading the patterns of human consciousness to some non- carbon-based substrate such as silicon. If we cooperate, these roboticists argue, after our robot progeny (inevitably) take over from us, they will regard lowly Homo sapiens as their progenitors--assuming that some bad nanobot replicators don't escape from the lab in a Crichton-esque nightmare and turn the planet into gray sludge. 

McKibben concludes that nanotech futures rendering humanity superfluous cross the line beyond "enough" into the zone of "way too much." But do designer genes really destroy our humanity? Yes, according to McKibben: Life is meaningless when your parents choose the genes that make you a pianist, or when you can reshape your body to overcome any setbacks you encounter. Such a life is meaningless because you can never know how you really feel, how you would respond if your pain-free body were not pumping designer proteins. Human beings are set apart from other beings, McKibben argues, by our capacity for restraint--and even for finding meaning in restraint, a spiritual boundary McKibben defines as "the enough point." As I sit in California, with half the state beset by fires allegedly set by arsonists, and where my fellow citizens have just elected the Terminator governor, I think McKibben has written a book we should all ponder seriously. References
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