books

The 20-Minute Vegetable Gardener: Gourmet Gardening for the Rest of Us—Tom Christopher and Marty Asher. The authors of The 20-Minute Gardener now apply their zeal for unpretentious gardening to growing produce. If time is a constraint, then one should reduce expectations and return to old-fashioned horticulture. This means giving up uniformity both in the final product and in the presentation of a vegetable patch. Using an organic approach, Christopher and Asher shun modern hybrids in favor of heirloom plants and crops more conducive to a lazy-man’s garden: cucumbers, sweet potatoes, pumpkins, etc. A plan of action and many quick projects such as growing potatoes in old tires or cultivating peanuts are imparted in an irreverent style. RH, 1999, 284 p., illus., hardcover, $19.95.

The Biology of Violence: How Understanding the Brian, Behavior, and Environment Can Break the Vicious Circle of Aggression—Debra Niehoff. Traditionally, violence in adulthood has been attributed to poor nurturing or trauma in childhood. However, strides in molecular biology point to what used to be called nature as the key to violent tendencies, according to Niehoff. It seems some individuals possess an innate predilection toward violence triggered by circumstance. One’s genetic blueprint is acted upon throughout a lifetime by outside stimuli. In essence, the brain and the environment modify each other. Niehoff believes that once a physiological foundation is accepted, a plan of violence circumvention can be formulated and incarceration avoided. Her thoroughgoing overview of brain physiology relevant to these tendencies concludes with such a plan. Free Pr, 1999, 353 p., b&w photos/illus., hardcover, $25.00.

The Bird Almanac: The Ultimate Guide to Essential Facts and Figures of the World’s Birds—David M. Bird. The author’s ornithological expertise lives up to his name. Not an identification guide, but a data bank of basic information, this book lists species worldwide and then concentrates on avian biology overall: anatomy, reproduction, and mortality. Birders can find a bevy of useful information in the final third of the book, including itemizations of bird-watching organizations, relevant publications, videos, audio recordings, Internet sites, birding festivals, and tours. Firefly, 1999, 460 p., illus., paperback, $19.95.

Making Physics: A Biography of Brookhaven National Laboratory, 1946-1972—Robert P. Crease. Brookhaven’s historian recounts the legacy of one of the best examples of “big science.” Like other national institutions such as Argonne and Oak Ridge, Brookhaven’s role is to centralize public funds and resources too cumbersome for university research facilities. Unlike those other two, however, Brookhaven was “conceived, constructed, and managed” from its inception as a civilian institution geared toward basic research. As Congress becomes less generous, Crease recalls how we got to this stage, describing the fruits of Brookhaven and those who fueled its greatest achievements. U Ch Pr, 1999, 434 p., b&w photos, hardcover, $38.00.

Mind and Brain Sciences in the 21st Century—Robert L. Solso, ed. These essays tap the minds of those who study minds, depicting the strides  that researchers in neurocognition, cognitive science, and psychology hope to make. Contributors and contributions vary widely: Jerome Kagan ponders new techniques that will enable psychologists to study the private, emotional lives of their subjects, while Carl Sagan and Ann Druyan contemplate the slender partition between the cognitive lives of humans and other Earthly creatures. Originally published in hardcover in 1997. MIT Pr, 1999, 354 p., illus., paperback, $20.00.

The New Solar System: Fourth Edition—J. Kelly Beatty, Carolyn Collins Petersen, and Andrew Chaikin, eds. In the 10 years since the last edition of this publication, its bulk has grown by a third in response to rapid changes in solar and planetary astronomy. Robotic eyes and high-powered telescopes have greatly modified our perspective of the solar system and beyond. Thirty of the most distinguished planetary scientists draft a summary of the current state of knowledge. No group this diverse could provide a universal viewpoint. As their chapters unfold, one garners a sense of the most pressing conflicts. The abundant imagery allows readers to share the astronomer’s eye. Cambridge U Pr, 1999, 421 p., b&w/color photos/illus., paperback, $39.95. 

When Things Start to Think—Neil Gershenfeld. Gershenfeld, head of MIT’s Media Lab, and his colleagues test-drive the digital paraphernalia of our future. In their world, personal computers are the equivalent of ENIAC. Unlike some of his counterparts, however, Gershenfeld strives to make machines beholden to humans, not vice versa. Thus, the technology brewing at his Media Lab serves people’s needs and works with ease. Electronic ink, for instance, enables electronic books to change their contents in an instant. Eventually, data will be exchanged by a handshake through a computer that fits in a shoe and is powered by walking. And encryption systems will allow absolutely secure financial transactions. Henry Holt Co, 1999, 225 p., hardcover, $25.00.

letters

Is attention to deficit the disorder?

Instead of trying to change the personalities of ADHD kids (“Kids’ attention disorder attracts concern,” SN: 11/28/98, p. 343), give them lots of chances to use their energy and urge them to explore and do things differently. Why should obsessive-compulsive autocrats be allowed to try to force everyone into the keyboarding and other routines that hyperactive brains find difficult to handle? We do need people capable of doing more than monotonous work in offices, stores, and factories. I wouldn’t trade the varied experiences I’ve had in my life for any CEO’s job.

Lee Hubbard

Carlsbad, N.M.

A hidden danger in sex selection

In your interesting article “It’s a girl” (SN: 11/28/98, p. 350), the benefit of the technique described for those couples carrying sex-linked genetic disorders is understandable. However, your article does not point out the risks involved. Though only healthy births have been reported, using a sorting machine that selects sperm with more DNA could cause an unexpected selection of sperm that have a diploid number of chromosomes. This in turn could lead to an increase in the chance of trisomy among the offspring. Selecting for a baby girl (a higher sperm DNA content) may increase the chance of Down’s syndrome or Klinefelter’s syndrome births, while selecting for a baby boy (a lower sperm DNA content) may increase the chance of a Turner’s syndrome child. Sometimes it is better to wait for the sonogram or the birth before you paint the baby’s room.

William B. Crymes Jr.

Columbia, S.C.

Hygiene concerns

“Meet the superbug” (SN: 12/12/98, p. 376), concerning the radiation-tolerant bacterium Deinococcus radiodurans, stops short of addressing a very serious issue. For years now, the food-processing industry has touted irradiation of food as the silver bullet against increasing problems of bacterial contamination in packaged food. Now, here’s a bacterium that can be found in animals’ guts, can spoil food, and can tolerate massive radiation. If D. radiodurans started finding its way into our food, wouldn’t it find irradiated food to be an ideal habitat?

Dick Dunn

Hygiene, Colo.

Intercontinental drift

The piece on air-pollution drift across the Pacific Ocean (“Asian pollution drifts over North America,” SN: 12/12/98, p. 374) was fascinating and raises several interesting questions about what travels on those winds besides dust and certain metals. What about biological pollution, for example? We know that storm winds were the vectors for the arrival of cattle egrets in the Caribbean and North America from Africa, and there is some evidence of insect, bacterial, and botanical life having gotten to the Caribbean the same way. Is anyone screening the trans-Pacific air currents for such pollutants? They can be quite harmful.

Thomas F. Norton

Easton, Md.

Hidden Threats Take Toll in Amazon

Studies of deforestation in the Brazilian Amazon have overlooked more than half of the actual rainforest damage occurring each year, reports a team of U.S. and Brazilian researchers.

Past assessments of the Amazon have used satellite images to tally deforested areas, where farmers and ranchers have clear-cut and burned all trees. Such work has not addressed logging, which removes only selected trees, or surface fires that burn down individual trees but do not denude the forest. 

The new analysis, published in the April 8 Nature, indicates that logging and these fires degrade a larger area of forest than does strict deforestation—especially in dry years. 

“This will really change quite fundamentally the way we think about deforestation,” says study leader Daniel C. Nepstad of the Woods Hole (Mass.) Research Center and the Amazon Institute for Environmental Research in Belém, Brazil. “It shows that the effects of people on forests can be much greater than we thought.” 

Other researchers question the exact numbers in the study but agree with the conclusion. “Our surveys do not consider impoverishment of the forest by logging,” says Diógenes S. Alves of Brazil’s National Institute for Space Research in São José dos Campos. “This is a serious issue.” 

Satellite surveys have difficulty picking out effects of logging and fires because they remain obvious only for a year, then new growth obscures the damage, says Nepstad. To estimate the impact of logging, he and his colleagues interviewed 1,393 managers of sawmills and obtained records of wood harvests for 1996 and 1997.

The team tested the accuracy of the sawmill data by measuring wood harvesting at 22 square-kilometer patches of forest. “What the loggers were telling us was right on the money,” says Nepstad.

To estimate the effects of recent fires, the researchers interviewed 202 landholders whose properties total 9,200 km2. They checked this information against satellite data, which showed that the owners correctly gauged the number of fires but underestimated the area of burning by 43 percent. 

Nepstad and his coworkers calculate that logging damaged 10,000 to 15,000 km2 of undisturbed forest each year in 1996 and 1997. This represents 50 to 90 percent as much land as that totally deforested during 1996. The fire estimates are less precise but suggest that fires harmed an area roughly equal to the area of deforestation. 

Logging and fire injuries can have far-reaching effects. By taking down trees, logging and fires open up the canopy, dry the forest floor, and increase the risk of fire. On a global scale, such forest degradation releases large amounts of carbon dioxide that are not currently included in global computations. 

The combined effect of logging and fires is “a potentially large and significant phenomenon,” says David Skole, a geographer at Michigan State University in East Lansing who uses satellite data to track deforestation. The new study, however, “doesn’t provide us with direct measurements of the magnitude of this effect,” he adds. 

“It’s very important to identify the size of the problem,” says Eduardo Martins, president of the Brazilian Environment Institute in Brasília. Logging is often the first step toward total deforestation, he says.
—R. Monastersky 

Standard studies of satellite data (left) distinguish only between totally deforested (yellow) areas and primary forest (black). A new study (right) shows that much of what had been considered primary forest has been partially logged (green) or burned (red).

Slow motion sets in when the light dims

When the lights go down, the world may appear to slow, new research suggests. Movement perceived by rods, the cells in the retina that register dim lights, looks slower than the same motion detected by the color-sensitive cones.

Most people see the world through four types of visual-receptor cells. Rods sense brightness alone, while the three types of cones register red, green, and blue wavelengths of light. “Anytime you can see color, you know you’re stimulating the cones,” says Marty Banks of the University of California, Berkeley. 

The researchers, led by Karl R. Gegenfurtner of the Max Planck Institute for Biological Cybernetics in Tübingen, Germany, suspected that the rod- and cone-based visual systems interpret motion differently. For example, Gegenfurtner knew of a color-blind man lacking all three types of cone cells who complained of trouble catching a Frisbee.

In tests on five men with red-green colorblindness, the researchers pitted two types of visual-receptor cells against each other, they report in the April 8 Nature.

About 2 percent of white men can’t distinguish green and red because they are missing the cone cells tuned to green light. The researchers manipulated the color and brightness of objects on a computer screen to activate either rods or red-sensitive cones but never the blue-sensitive cones, Gegenfurtner says.

The red-green color-blind subjects compared oscillating patterns, one stimulating the cones and the other, the rods. They judged the speed of the rod-activating pattern to be about 75 percent of the cone-activating pattern’s speed.

The rod cells may see the world differently because of the way the retina is wired, says Banks. In very low light, only the rod cells are sensitive enough to see the dimmest objects. To better pick out faint light signals, which could be overshadowed by random nerve firings, the retina sacrifices resolution. It averages signals from many different rod cells and gathers rod signals for a relatively long time before passing a message further along in the visual system.

In comparison, Banks says, “cones have a direct line through the retina to the cortex.” Each cone cell in the retina’s center sends an unadulterated signal to the brain. This high-resolution system—like a computer screen—refreshes frequently and responds to movements quickly.

One potential danger of the rod system’s slowed perception, Gegenfurtner says, arises during night driving. Although headlights illuminate the road brightly enough for the cones to kick in, objects outside the beams may appear to be moving more slowly than they are.                 —L. Helmuth

In dimness, objects may seem to be moving less rapidly than they really are.

Shutting off plaque’s lifeline of blood

Plaques, the gummy, blood vessel deposits that are central to heart disease, are usually considered just artery-clogging lumps. However, plaques often contain living cells in need of nutrients. New, minuscule blood vessels appear near plaques to provide those supplies.

A study of mice now shows that drugs known to curb vessel growth seem to starve plaques, suggesting a tantalizing way to battle heart disease. The compounds are already being tested as weapons against cancer.

In a report in the April 6 Circulation, researchers describe a study of 47 mice that were bred to have a humanlike susceptibility to plaque formation. Their food mimicked the diet consumed by people in the United States. When the mice were 20 weeks old, the researchers pulled 10 out of the group and measured the plaque that had accumulated in each animal’s aorta, the large artery leading out of the heart.

For the next 16 weeks, some of the remaining mice received alternate-day doses of drugs that inhibit new vessel growth. Ten received a protein called endostatin, and 15 got a synthetic compound called TNP-470. Twelve other mice received inert injections.

Compared with the mice analyzed earlier in the experiment, all these mice had more plaque—three times more in the case of the untreated mice. However, the mice getting TNP-470 showed a more modest 60 percent increase, while those given endostatin experienced plaque growth of only 28 percent, says study coauthor Karen S. Moulton, a cardiologist at Brigham and Women’s Hospital and Children’s Hospital, both in Boston.

“It’s a very intriguing study,” says Jan L. Breslow, a cardiologist at Rockefeller University in New York. “It suggests that one can limit the growth of large plaques through angiogenesis inhibition.”

Angiogenesis, or new blood vessel growth, is currently an area of intense research. Scientists suspect that heart muscle damaged in heart attacks might be salvageable if angiogenesis can be harnessed to feed blood to those areas.

In contrast, other researchers want to stifle blood vessel formation in order to cut off nutrient supplies to tumors.

The explanation proposed for the drugs’ effects on plaque is complex. Beyond limiting nutrients available to plaque’s fat and collagen cells, endostatin and TNP-470 may shrink plaque by hampering the activity of roving immune cells called macrophages, Moulton says.

These cells normally react to plaque-caused lesions on a vessel wall by bundling up cellular debris in the area, recruiting other cells, and performing various housekeeping duties. However, in a blood vessel chronically abused by excess cholesterol, residues of cigarette smoke, or high blood pressure, macro-phages may do more harm than good, Breslow says. In particular, macrophages induce vessel growth that could nourish plaque cells and provide an avenue for additional cells that may swell the plaque, Moulton adds.

The greatest danger of plaques arises when they rupture, attracting platelets that can form blood clots. The largest plaques aren’t always the ones that rupture, so physicians don’t know which plaques to watch.

Thus, a broad preventive approach that thwarts angiogenesis may work, Moulton says. “Shutting off the portal of entry of inflammatory cells may slow [plaque formation] down,” she says. 

Ironically, if angiogenesis-promoting and angiogenesis-inhibiting drugs become available for human use, many patients might be candidates for both: one to reverse heart-muscle damage and the other to limit plaque growth. Angiogenesis stimulants last only a short time, whereas the angiogenesis inhibitors seem to work for months, at least in mice. These “different kinetics” may avert the conflict, Moulton says.                —N. Seppa

Radiation helps break down toxic waste

The legacy of the Cold War lies buried underground. At sites across the United States, hundreds of concrete, steel-lined tanks hold toxic mixes of radioactive metals and nonradioactive compounds—organic and inorganic—left over from production of nuclear weapons.

As millions of gallons of hazardous chemicals stew, scientists know little of what is occurring in these cauldrons. A new finding may explain how the wastes decompose and how they produce dangerous gases.

High-energy gamma rays, produced copiously by the radioactive decay of waste elements such as cesium and  strontium, can activate common minerals also found in the tanks. These activated particles help organic compounds break down and form gases faster than they otherwise would, according to the recent study.

George Adam Zacheis and Kimberly A. Gray of Northwestern University in Evanston, Ill., and Prashant V. Kamat of the University of Notre Dame (Ind.) report their findings in the April 8 Journal of Physical Chemistry B.

Information from such studies will help resolve safety questions and “ultimately feed into ways to process the waste,” says Donald M. Camaioni, a staff scientist at the Pacific Northwest National Laboratory in Richland, Wash. He works on tank-waste safety programs at the Hanford Nuclear Reservation near Richland. With 54 million gallons of waste in 177 containers, Hanford is the largest nuclear-waste storage site in the United States and the one with the most cleanup problems (SN: 12/20&27/97, p. 410). 

The recently demonstrated breakdown of organic compounds makes the waste less hazardous, but the gases generated create a serious problem for underground tanks. So far, scientists haven’t found ways to prevent the gas from being produced. 

Hydrogen gas builds up in the tanks at Hanford, says Camaioni, but vents allow it to escape, relieving the pressure and the danger of the gas igniting.

Kamat, Gray, and Zacheis conducted their study on a simple system including aluminum oxide, or alumina, a major component of tank wastes. They coated nanometer-size particles of the mineral with the organic pollutant hexachlorobenzene and exposed the powder to gamma rays. They monitored the decomposition of hexachlorobenzene with infrared and ultraviolet spectroscopy and extracted the breakdown products for analysis.

When an alumina particle absorbs high-energy radiation, “it starts a whole series of events,” says Kamat. The gamma rays excite electrons in the particle, causing them to migrate. This movement separates positive and negative charges. The charged alumina surface strips chlorine atoms off the hexachlorobenzene.

Normally, organic contaminants in very low concentrations do not decompose by themselves, says Kamat. They need a catalyst like alumina to help them along. “This is the first study to look in a more mechanistic way at how alumina promotes degradation,” he says.

Researchers have largely overlooked reactions taking place on particle surfaces, Camaioni notes. “It has only recently been appreciated that you can excite particles [with radiation] to do chemistry on absorbents.”

Whether this particular process occurs in underground storage tanks remains unknown, but Kamat says that based on the composition of the waste, “my personal opinion is that some of this is occurring.”

Camaioni says that Hanford scientists have not done studies that would indicate whether the new findings are relevant to the stored nuclear wastes.              —C. Wu

Electrons display their antisocial nature

Soon after the birth of quantum mechanics early in this century, physicists theorized that force-carrying particles, known as bosons, tend to bunch together. By contrast, the elementary particles of matter, called fermions, demand a little elbowroom from their peers.

In a landmark 1950s experiment, researchers directly observed the predicted preference for bunching among photons—the bosons of electromagnetic radiation—and created a new research field. Called quantum optics, it eventually led to practical benefits such as the laser.

In the April 9 Science, two independent research groups report that they have finally performed a comparable experiment for fermions. Their results demonstrate the complementary, standoffish nature of electrons, one of the lighter members of the fermion clan, which also includes protons and neutrons.

In doing so, the investigators have confirmed the validity of the Pauli exclusion principle, part of the bedrock of quantum mechanics. This dictum states that no two identical fermions can occupy the same quantum state, such as a single atomic-energy level.

Although physicists commonly invoke the exclusion principle, “you have to mea-sure [its effects] before people really believe it,” says Stefan Oberholzer of the University of Basel in Switzerland, where he and his colleagues conducted one of the confirming tests. William D. Oliver and other researchers at Stanford University carried out an analogous experiment.

The new results “will certainly be the stuff of future textbook discussions,” comments Marlan O. Scully of Texas A&M University in College Station. Oberholzer notes that until recently scientists could not make dense enough fermion streams to explore the particles’ chumminess. 

In the new studies, both teams used electrons chilled to ultralow temperatures and confined to an extraordinarily thin layer between semiconductors. The scientists forced the particles into a narrow region blocked by an electrode’s voltage so that only half of the electrons, on average, had enough energy to pop through. The others bounced off and exited via a different path.

The scientists measured currents from each arm of these beam splitters. As the currents fluctuated, the researchers consistently found that an increase in one arm was offset by a decrease in the other—the sign of fermionic, one-at-a-time, passage through the beam-splitter.

The experimental techniques may also help scientists probe the nature of mysterious quasiparticles, which can mix fermion and boson characteristics (SN: 10/17/98, 

p. 247), and test properties of very small 

electronic devices, the researchers say.                                     

                                                             —P. Weiss

A 40-nanometer-wide electrode shaft splits an electron stream (blue) passing beneath it. 

Social fears may raise alcoholism risk

Much research has noted that outgoing children who impulsively misbehave, bully others, and get into numerous fights have more than their share of alcohol problems as young adults. A new study suggests that kids in families with widespread alcoholism may tend to find themselves on the other side of the temperamental coin—withdrawing and clamming up when confronted with unfamiliar people and situations. Such children may also gravitate toward alcoholism, the researchers suggest. 

“Children from alcoholic families may be at greater risk for displaying a behaviorally inhibited temperament,” says a team led by psychologist Shirley Y. Hill of the University of Pittsburgh Medical Center. “While the childhood risks associated with [poorly controlled behavior] are well known and more prominent among children from alcoholic families, the risks associated with extreme inhibition are less well studied.”

Hill and her coworkers examined 36 white children, 4 to 6 year olds living in middle-class households. Half the children came from families in which about one-quarter of the members, from the past several generations, had suffered from alcohol dependency with no other psychiatric disorders. The remaining youngsters came from families with few or no cases of alcoholism or any other mental ailments. 

Accompanied by a parent, each child attended from one to three sessions in a playroom. Experimenters videotaped and rated children’s behavior as they had opportunities to play with an unfamiliar child of the same age and sex.

Children from the families with high rates of alcoholism displayed far more inhibition during play sessions than their counterparts did, reports Hill’s team in the April Journal of the American Academy of Child and Adolescent Psychiatry. Inhibition appeared mainly as a pronounced tendency to stare at the other child while refusing to play with or to speak to him or her.

Some children from high-alcoholism families may experience sensitized biological reactions to stress that foster inhibition, the researchers theorize, and as adolescents, may use alcohol to quell anxiety. Other studies find that kids in families with pervasive alcohol problems often develop alcoholism.

Further studies should explore possible biological influences on these unusually inhibited kids as well as the psychological effects of living with an alcoholic parent, the researchers add.

Childhood inhibition merits “attention and concern” as an influence on alcoholism, remarks psychiatric epidemiologist Naimah Z. Weinberg of the National Institute on Drug Abuse in Rockville, Md., in a published comment in the same journal. However, evidence for this link remains sparse, Weinberg says.

Subtle language disorders may contribute to the inhibition of some children from families with many alcoholic members, she proposes.        —B. Bower 

The green genes 

don’t get out much

Could genes from a genetically modified crop escape and create a superweed that could take over the world, as some people fear? One preventive measure might be to confine any transplanted genes to the cell’s photosynthetic structures, or chloroplasts.

Escape of such genes would be “extremely rare and scattered,” predict Susan E. Scott and Mike J. Wilkinson of the University of Reading in England, who for 3 years have tracked chloroplast DNA in fields of unmodified oilseed rape. They report their results in the April Nature Biotechnology.

The work grows out of proposals that tinkering with the DNA in chloroplasts poses less risk of runaway genes than the more common strategy of modifying DNA residing in the cell’s nucleus. Henry Daniell of the University of Central Florida in Orlando, a pioneer of gene insertion in tobacco chloroplasts, last year advocated that approach. In many plants, he argues, chloroplasts are inherited maternally and thus don’t show up in hard-to-control, wind-blown, insect-riding pollen. 

Wilkinson and Scott evaluated chloroplast-gene escape routes in Brassica 

napus, known as oilseed rape or canola. Farmers grow this mustard for its edible oil. The crop species hybridizes readily with wild mustards, including one of its ancestors, Brassica rapa.

To track any wandering of chloroplast genes, the researchers checked 47 crop-weed hybrids found near commercial fields. All hybrids showed the weed, or maternal, chloroplast DNA. That convinced Wilkinson that pollen wafting from fields does not carry chloroplast DNA.

In practical terms, errant crop pollen doesn’t have that many places to go, Wilkinson notes. He and Scott found that of more than 140 patches of wild 

B. rapa in farmland, only 2 grew near oilseed rape fields.

In such patches, just 0.4 to 1.5 percent of the plants have mixed parentage, he and Scott reported last year. All in all, there will probably be “no or negligible” escape of chloroplast genes through crop pollen, he predicts. 

The researchers also considered the other escape avenue: the female flower parts. If crop seeds spill near wild plants, the resulting plants may be pollinated by weed species to create hybrids carrying the modified chloroplast. In another generation or two, the wayward genes could get into highly fertile wild plants.

However, when a crop plant gets loose, “it doesn’t last very long,” Wilkinson says. He and Scott monitored 18 patches harboring crop plants that had gone wild. Fifteen of the patches disappeared or failed to set seed during the 3-year study. 

Hybridization is “inevitable but will occur only extremely rarely,” Wilkinson says. “It all comes down to what the transgene actually is.” A transplanted gene that gives a plant whopping advantages in the wild might spread even through a tiny keyhole escape avenue. 

“You have to look at each plant on a plant-by-plant basis,” agrees Dean Chamberlain of the University of North Carolina (UNC) in Greensboro. In a commentary in the same issue of Nature Biotechnology, he and UNC’s C. Neal Stewart Jr. note that chloroplast genes are so difficult to work with that, to date, only tobacco has been transformed in this way.

Just wait, responds Daniell. He expects several researchers soon to announce transfers of chloroplast genes.

The chloroplast strategy is still no panacea, warns Joseph E. Cummins of the University of Western Ontario in London, Ontario. Chloroplasts are passed on through pollen in many conifers and through both parental lines in alfalfa. Also, Cummins points out that chloroplast DNA can leak into mitochondria, a cell structure that does show up in oilseed rape pollen.

Wilkinson speculates that both fans and foes of genetically modified crops will quote the new paper as supporting evidence. “To us, it’s just data,” he sighs.                                         —S. Milius

Stopping leaks may boost cancer drugs

Almost every medicine produces side effects. The crucial issue is whether a drug has a therapeutic window, a dose range that allays a patient’s illness without causing greater problems.

In a finding that may widen the therapeutic windows of two experimental cancer medicines, researchers have uncovered the molecular explanation for a side effect—leaky blood vessels—that both therapies cause. Known as vascular leak syndrome, the condition occurs when fluid from the bloodstream escapes into surrounding tissues. 

“You sort of become a water balloon,” says Ellen S. Vitetta of the University of Texas Southwestern Medical Center at Dallas. While a body can often slowly expel this excess water, fluid buildup in organs such as lungs can turn deadly. 

Vitetta and her colleagues encountered vascular leak syndrome when they began testing immunotoxins in cancer patients. These artificial proteins consist of a plant or bacterial toxin attached to antibodies that home in on cancer cells. 

The immunotoxins have lived up to their billing as cancer killers, but they also trigger changes in cells lining blood vessels. The cells become rounder than normal, leaving gaps through which fluid could seep out. The problem limits the amount of immunotoxins people can receive as a treatment.

“This has stalled the field a great deal,” says immunotoxin investigator Daniel A. Vallera of the University of Minnesota Cancer Center in Minneapolis.

“You don’t have a wide therapeutic window, because you hit this toxicity,” agrees Christopher A. Pennell, also of the University of Minnesota Cancer Center. 

Like the immunotoxins, interleukin-2, a protein that stimulates the immune system’s cells, causes vascular leaks at high doses. The side effect has frequently thwarted its use in people with cancer and, more recently, AIDS. 

Speculating that immunotoxins and interleukin-2 generate leaky blood vessels in the same way, Vitetta’s team compared the proteins. “You line up the [amino acid] sequences and ask if there’s a consensus sequence. Lo and behold, out came this motif,” says Vitetta. All the molecules share a particular combination of three amino acids, her group reports in the March 30 Proceedings of the National Academy of Sciences.

The researchers also made protein fragments containing this motif but no other parts of interleukin-2 or the immunotoxins. Injected into animals, those segments caused leaky blood vessels. “You don’t need the rest of the molecules,” says Vitetta. “You just need this tiny, little piece.”

The scientists are now trying to eliminate this dangerous motif by mutating the genes that encode the immunotoxins. They expect that the modified immunotoxins will retain their cancer-killing prowess but leave blood vessels alone.

Making interleukin-2 safer may prove more difficult since the motif falls in a region crucial to the protein’s therapeutic function. Investigators could instead try to block the proteins on blood vessels that the immunotoxins and interleukin-2 bind, Vitetta notes.

“She’s putting together a really nice story,” says Pennell.                   —J. Travis

Big dust, little harm

Dust storms are blowing away the argument that eroded soil and other relatively large, airborne particles are as hazardous to health as the far smaller particles generated by combustion.

Over the past decade, a host of studies has linked the outdoor buildup of combustion particles to a rise in hospital admissions and death rates for respiratory illness (SN: 4/6/91, p. 212) and heart disease (SN: 7/1/95, p. 5). Such data convinced the Environmental Protection Agency to create new limits (SN: 7/5/97, p. 6)—not yet in effect—for particles that measure 2.5 micrometers (mm) in diameter or smaller (termed PM-2.5). Federal rules already limit a broader class of particles, those with diameters of up to 10 mm (PM-10).

Representatives of combustion-intensive industries say that errors in measuring large particles have made the relative health impacts of large and small particles hard to distinguish. Thus, they have argued against rules focusing on PM-2.5, notes Joel Schwartz of the Harvard School of Public Health in Boston. 

“It’s a big fight,” he explains, and it has threatened to derail implementation of the PM-2.5 limits. Hoping to settle the controversy, Schwartz teamed up with researchers from two universities in Washington State to study Spokane death rates during 17 major dust storms over 6 years. The average PM-10 concentration on storm days was 263 micrograms per cubic meter (mg/m3) of air—well above the current EPA limit. On the stormless days, PM-10 averaged only 42 mg/m3. During dust storms, PM-10 consists primarily of particles larger than 2.5 mm in diameter, but the amount of fine particles present changes relatively little with weather.

Nonaccidental death rates were slightly lower during the dust storms than on calm days of the same date during the study, the researchers report in the May Environmental Health Perspectives. These data, they contend, argue against the industry position and confirm results of other studies “that toxicity of coarse particles is substantially less than that of fine particles.”                                        —J. Raloff

Computing at

the Edge

Capturing a flame’s flicker, 

an ink jet’s splatter, and other shifting shapes

By IVARS PETERSON

The foam-flecked fringe of a breaking ocean wave marks a rapidly changing, intricately woven boundary between water and air.

Every detail of that turbulent behavior results from complex responses to physical forces acting at the interface between two different materials. Similar boundary effects occur amid a fireplace’s wavering flames, in milk swirled into a cup of tea, at the freezing edge of a snowflake, and among ink droplets ejected from a microscopic nozzle.

To study and predict boundary effects, researchers have struggled to accurately capture erratic, complicated behavior in a computer model. In recent years, however, two novel schemes for calculating what happens at rapidly evolving interfaces have provided new insights into a variety of physical processes important in technologies such as semiconductor manufacturing and ink-jet printing.

“By suitably writing the equations for a propagating interface, one can find a way of borrowing numerical techniques from computational fluid mechanics to solve these equations of motion,” says mathematician James A. Sethian of the University of California, Berkeley.

Adds Stanley Osher of the University of California, Los Angeles, “You can compute things that you couldn’t compute before.”

Researchers have now adapted the same techniques to detect edges in scanned medical images, find optimal paths for robots negotiating obstacle-strewn courses, and create special effects for movies. 

Consider an ice cube floating in a glass of water. The boundary between ice and water shrinks as the ice melts, and it grows as more water freezes.

Each point along such an interface has a speed, which depends on a variety of physical factors. For a floating ice cube, the speed at which a given point moves in or out might be determined by the local temperature difference between the ice and the water.

To model a moving interface, researchers conventionally have represented the boundary as a set of connected points—like a system of buoys loosely linked together with pieces of rope. The idea is to move each marker with the appropriate speed, according to the relevant equations of motion, and track the resulting changes in the interface’s shape.

Such computational methods, however, often fail when the interface shape fluctuates rapidly, develops sharp corners or cusps, breaks up into smaller pieces, or merges with other features. In effect, the ropes connecting the buoys get tangled or severed.

About a decade ago, Sethian and Osher discovered an ingenious way to skirt such problems. They called their method the level-set approach. The mathematical term “level set” refers to a contour, much like the curve linking points of equal elevation on a topographic map.

Suppose that the two-dimensional interface between materials starts out as a circle. Then, think of the circle as a slice through a three-dimensional surface—a cone, for example. This surface is known as a level-set function. If the chosen surface were a topographic map, the interface would be defined as the sea-level (or zero-elevation) contour.

Researchers have tremendous freedom in choosing an appropriate three-dimensional surface for a given interface. Above and below the zero-elevation contour, the smooth shape could bulge out or narrow to a point, for example. The trick is to find a surface that changes smoothly over time even if the contour by itself does not.

Next, the mathematicians consider the physics governing the contour’s movement, such as the inward march of a melting ice cube’s edge. They then calculate how points on the three-dimensional surface would move in accordance with differential equations describing that physics. To find the shape and location of the two-dimensional boundary at any moment, they simply determine the evolving surface’s zero level at that time. 

Although the level-set approach trades the problem of a moving curve for one involving a moving surface, it offers significant computational advantages, Sethian says. Whereas a two-dimensional front can split up and become wildly distorted, the corresponding three-dimensional surface has been chosen so that it undulates and twists in a well-defined, mathematically tractable manner.

The strategy also works for tracking a three-dimensional interface. Though much harder (if not impossible) to visualize, it considers the interface as a closed surface, like a ball or distorted blob, and follows the evolution of its corresponding level-set function in four-dimensional space.

“Armed with the level-set perspective from this higher-dimensional space, we can efficiently compute solutions to a wide collection of problems,” Sethian says.

Sethian and his collaborators have explored many varied applications of the level-set method. They have modeled a bubble of one liquid rising within a liquid of higher density and also have simulated the etching of a semiconductor surface during manufacture of an integrated-circuit chip.

The investigators have recently applied their scheme to the automatic extraction of anatomical features from medical images, such as magnetic resonance scans. In the past, physicians typically drew outlines by hand to identify spots requiring further examination or to measure the size of enclosed regions to see how they change from one scan to another.

To outline an organ or some other feature automatically, a computerized front starts as a small circle inside the area of interest in a digitized image. That initial spot is then allowed to spread out at a speed that depends on the change in brightness from one pixel to the next. When a portion of the front hits an abrupt brightness change, presumably marking an edge, it slows dramatically. Eventually, the front outlines the required feature.

One medical imaging company recently adopted this approach to locate and measure fatty deposits and track heart- wall motion in images obtained using a new electron-beam scanner. “These very fast scanners are using the latest algorithms to help identify and measure very delicate features,” Sethian says.

Also taking advantage of level-set methods, Ravikanth Malladi of the Lawrence Berkeley (Calif.) National Laboratory and his collaborators are now working on what they term “computer-aided cytology.” Their goal is to develop a reliable, automated method for analyzing microscope images of cells, Malladi says.

Working independently, Osher and his colleagues have applied the level-set approach to model the growth of crystals and thin films on surfaces. Because the thin-film model describes dozens of constantly moving and merging islands of aggregating atoms, the level-set method is essential for practical simulations of the growth process, Osher says.

Researchers have also simulated processes in which not just two but three phases, or components, interact. One example models the spread of oil through water beneath ice. 

At the same time, simulations of two-phase flows show promise as convincing computer-generated images of splashing water and other complicated subjects on movie screens. “Flames can also be done this way,” Osher notes.

One intriguing set of applications involves image processing and computer vision. Video enhancement techniques developed by Osher and Leonid I. Rudin of Cognitech in Pasadena, Calif., smooth out or remove static and other distortions while keeping edges sharp and clear. That approach is based on the notion that the edges of objects obscured by electronic noise can be described by the equations used to model shock waves traveling through fluids.

Such image restoration has already played a critical role in the courtroom. During the 1992 Los Angeles riots, video cameras in helicopters captured several men pulling a truck driver out of his vehicle and severely beating him. Defense lawyers argued that the videotape was too low in quality to link one particular person to the attack. Rudin’s analysis, however, revealed a distinctive dark patch in the same location as a tattoo on the defendant’s arm. The defendant was convicted.

Plastic surgeons have recently expressed interest in the various image-processing and analysis techniques developed by Osher and his colleagues. They would like to be able to classify complicated shapes, such as bone structures and facial features, by reducing the data obtained from a scan to a small number of numerical parameters that characterize the features of interest. 

Sethian has developed an efficient technique for rapidly calculating how curved interfaces move in the particular case when the front always advances in one direction and never backtracks. He calls it the fast-marching method.

For a two-dimensional interface, he sets up a surface with the property that if he slices it at a certain height, he immediately gets the position (and shape) of the front at the corresponding time. In effect, the physics is built into the shape to encode the interface’s behavior over time. 

That approach lends itself to the problem of determining the shortest path that a robot can take through a maze of narrow corridors to reach its destination—or that shoppers can use to find their car in a crowded parking lot.

Imagine a front—like a ripple—expanding outward from a starting point. Depending on what obstacles or surfaces different parts of the front encounter, the front expands faster in certain directions than in others, sometimes splitting into two or more fingers, sometimes merging again. 

For example, a parcel-laden shopper coming out of a store would be the ripple’s starting point. Other people’s cars, trash cans, and piles of snow might slow or split the front. Eventually, some point on the front would reach the shopper’s car. The  path that had been followed by that point would represent the shortest route to the car.

Sethian and Ron Kimmel, now at the Technion Israel 

Institute of Technology in Haifa, Israel, described in the July 21, 1998 Proceedings of the National Academy of Sciences how to use this method to compute the shortest paths, called geodesics, from point to point across hilly terrain and other computer-generated landscapes.

The level-set approach by itself, however, doesn’t solve all tricky computational problems involving moving interfaces, says Elbridge Gerry Puckett of the University of California, Davis.

A water drop breaking up into smaller droplets as it moves through still air, for example, would always maintain the same total volume. Level-set methods don’t automatically include such a constraint.

Puckett is interested, for example, in modeling the formation of ink droplets ejected by the microscopic nozzles of ink-jet printers. Current technology allows the generation of ink drops with diameters of 25 to 100 micrometers at rates of up to 4,000 drops per second.

The trouble is that, under most operating conditions, the jet rarely consists of a spherical drop. Created by a pressure pulse, a droplet typically exits the nozzle with a tail. This tail pinches off and breaks up into a few satellite droplets that are generally smaller and slower than the main droplet. Because these satellite droplets follow different paths, they miss the target, and so they slightly blur the final printed image.

Researchers have had difficulty simulating the details of the droplet-formation process to learn how to get rid of satellite droplets. Standard methods produce inaccurate results, Puckett says.

One promising solution, based largely on research by Mark Sussman of the University of California, Davis, couples the level-set approach with the conventional volume-of-fluid method to create a powerful hybrid technique for modeling the entire jetting process.

Although the research results aren’t published yet, several companies have already expressed interest in the simulation technique. The new method “won’t solve everything, but if you know what you’re doing, you can do a lot,” Puckett says. “You need to tailor your method carefully to the problem at hand.”

The level-set method has proved to be phenomenally successful as both a theoretical and a computational device, Osher remarks. “The possibilities are endless.” 


     n

Researchers have used a method called fast marching to calculate the shortest paths (geodesics) across various surfaces, including this computer-generated representation of a human head.

Recent simulations based on level-set methods (left) compare favorably with experimental studies (right) of the various etching and deposition steps required to create a complex integrated circuit chip profile.

Example of how the edge-detecting capability of the level-set method, which starts with an expanding circle, outlines an artery in a medical image (clockwise from top left).

Simulation of a tailed droplet formed by a jetting device.

A scanning tunneling microscope image (left) of a patchy indium arsenide film (light areas) shows roughly the same pattern as a computer simulation (right) based on the so-called island dynamics model of crystal growth.

Making Sense of Scents

Scientists begin to decipher the 

alphabet of odors

By JOHN TRAVIS

Linda Buck can’t smell musk. This comes as a great disappointment to her because Buck loves perfumes. She recalls dabbing them—especially Chanel No. 5, Marilyn Monroe’s favorite—under her nose for fun when she was a little girl. Of course, remarks Buck, placing perfume that close to the nose can overwhelm the olfactory system to the point where the aroma is no longer sensed.

She should know. A Howard Hughes Medical Institute (HHMI) investigator at Harvard Medical School in Boston, Buck is a leader in the effort to tease out how the nose works with the brain to make sense of scents. 

In 1991, she and HHMI researcher Richard Axel of Columbia University thrilled the olfaction field with the long-awaited discovery of cell-surface proteins in the mammalian nose that detect odor molecules, or odorants. Mammals appear to have around 1,000 genes for these odorant receptors, the largest gene family ever found.

In two recent papers, Buck’s group and one led by HHMI investigator Randall Reed of the John Hopkins Medical Institutions in Baltimore have started to tally the odorants recognized by various receptors. This endeavor is expected to eventually reveal how one molecule can carry a pleasant scent of flowers while an almost identically shaped molecule has the stench of rotting garbage.

The preliminary answer: Distinct odorants bind to different arrays of receptors, a strategy that allows people to discriminate more than 10,000 odors even though there are only 1,000 or so odorant receptors. Buck compares this to employing the alphabet’s 26 letters to form an entire dictionary of words. 

“By using the letters in different combinations, you can describe an almost unlimited number of things with words. That’s what the olfactory system is doing,” she says

The basics of how the nose detects smells have been known for some time. Odorants waft up through the two nasal cavities until they strike a region that contains approximately 50 million olfactory neurons, the cells that bear odorant receptors. These sensory cells extend long fibers, known as axons, from the nose to the olfactory bulb, the brain region that first processes olfactory information and then sends signals to other areas of the brain (SN: 8/15/98, p. 106). 

The 1991 discovery of odorant receptors spurred many new investigations into the mammalian sense of smell. In the past few years, for example, Buck and her colleagues have shown that each nasal cavity has four so-called expression zones. Any receptor type appears in only one of them.

Within each zone, however, the sensory cells bearing the same receptor are strewn about randomly, perhaps to prevent a loss of smell if a small area becomes damaged. Axons from sensory cells bearing the same receptor all converge on identical targets in the olfactory bulb. 

Despite such findings, this emerging picture of the sense of smell had a major hole. Scientists hadn’t been able to match odorants with their receptors. 

 “We knew a lot about how the wiring was set up from the primary olfactory neurons to the olfactory bulb,” says Reed. “But you’ll never understand how we perceive, or code, for an odor, unless you know something about the selectivity of [odorant] receptors on cells.”

Last year, Stuart Firestein of Columbia University and his colleagues finally linked a rat receptor to a specific odorant, octanal, which has a meaty smell (SN: 1/10/98, p. 23). Yet the technique used, which employed a genetically engineered virus that forced sensory cells in rat nasal cavities to overproduce the receptor, is too labor-intensive to apply to all 1,000 or so receptors.

“Our real goal is to associate lots of [odorants] with lots of receptors,” says Reed.

He and his colleagues therefore tried another tactic, which they described in the Dec. 23, 1998 Cell. Other scientists adding unaltered receptor genes to cells had found that the large proteins rarely make it to the cell’s surface and thus seldom function. Reed and his team, however, edited the DNA sequences of various genes encoding odor receptors. The new genes resulted in surface proteins that are smaller than normal odor receptors. They retained most, but not all, of the potential odorant-binding regions.

Reed and his colleagues then joined each edited receptor gene to a gene encoding rhodopsin, a protein that they hoped would help guide the altered receptors to the cell surface. Reed’s group created 80 such chimeric receptor genes, inserted them into kidney cells growing in a laboratory culture, and exposed the cells to 26 different odorants.

As indicated by changes in intracellular chemistry, each of three odorants—carvone (spearmint or carroway seeds), citronellal (citrus), and limonene (lime)—activated a different chimeric receptor. The researchers also confirmed that the rat receptor studied by Firestein’s group responds to the meaty smelling octanal, but they found that the mouse version of the same receptor recognized heptanal, an herbal odor, instead. The change apparently stems from a single amino acid difference between the two receptor proteins.

This work “represents the beginning of a molecular understanding of odorant recognition,” Reed and his colleagues say.

In the March 5 Cell, in a study that extends Reed’s findings, Buck and her colleagues describe a more natural approach to deciphering olfactory codes. Instead of forcing nonsensory cells to make an altered odorant receptor, these researchers detect responses to odorants in olfactory sensory neurons taken from mice. Only later do they identify the receptors that the cells employ. 

Buck’s collaborators, Junzo Hirono and Takaaki Sato of the Life Electronics Research Center in Amagasaki, Japan, began with individual mouse olfactory neurons that they loaded with a calcium-sensitive fluorescent dye. They then exposed the cells to 24 odorants, each at several concentrations. If an odorant activated a cell, calcium ions would flow in and change the color of the light emitted by the dye.

After recording these responses, the Japanese scientists shipped the cells to Harvard Medical School, where Buck and her colleague Bettina Mainic identified the single odorant receptor made by each cell. (In mammals, each olfactory neuron seems to use only one receptor. In contrast, a worm olfactory neuron uses many different receptors.)

By marrying their results, the two groups of scientists showed that individual odorants activate multiple receptors. They also found that individual receptors respond to multiple odorants, and different odorants trigger different combinations of receptors. The researchers conclude that the combination of receptors activated by an odorant determines the smell we perceive.

 “We thought there was a combinatorial code. This is the first direct evidence for it,” says Buck.

While praising her study, some olfactory researchers take issue with Buck’s contention that the new evidence is the first. “The combinatorial idea has had an enormous amount of support from many people over many years,” says John S. Kauer of Tufts University School of Medicine in Boston.

He points to past studies finding that odorants activate combinations of olfactory sensory neurons or of the target cells in the olfactory bulb to which they’re connected. In fact, Kauer and other researchers have already incorporated the combinatorial coding strategy into artificial noses that they are constructing.

The new work by Buck and Reed provides “some of the first evidence that relates particular receptors to particular odors,” Kauer says. “That’s the strength of the papers.”

The combinatorial idea offers fuller explanations for some fascinating features of the mammalian olfactory system. Consider that differences in concentration of an odorant can dramatically change how we perceive it. For example, a small amount of indole has a floral scent, while high concentrations have a putrid odor. 

This oddity seems to stem from differences in the affinity of receptors for particular odorants. Since some receptors are activated only by large amounts of an odorant, a compound’s receptor profile can differ with concentration. 

“If you raise the concentration, you add new receptors to the code,” explains Buck. In the case of bromooctanoic acid, varying concentrations of the odorant were recognized by between two and eight different types of odorant receptors.

The exquisite talent of the mammalian nose to discriminate different compounds is also reflected in Buck’s results. “A slight change in the structure of an odor can lead to dramatic changes in smell,” she notes. For instance, the rosy, orangy smell of octanol contrasts sharply with the rancid, sweaty odor of octanoic acid, although the molecules differ only in a side chain of atoms. As expected, Buck and her colleagues found that the two odorants triggered overlapping, yet distinct, arrays of receptors.

In the next year or two, predicts Reed, researchers may completely unravel the codes used to identify the world’s smells. “We could scan all 1,000 or so mammalian odorant receptors to find the ones that are best at giving a response to [any given] odor,” he says. 

From such data, the researchers hope to discern eventually how the shapes of odorant receptors determine which odorants they recognize. Moreover, the investigators plan to examine whether the code for some odors can consist of a single receptor. Perhaps detecting rotten food has been so important that mammals evolved a specific receptor for just that odor, muses Buck.

Then, there’s the musk issue, one of personal interest to her. Many people have anosmias—defects in the ability to smell certain odors. Buck’s inability to sense musk is a common one; more than 10 percent of people share the problem. She hopes to test the hypothesis that such anosmias result from a lack of certain odorant receptors.

While Buck can accept not being able to enjoy the scent of some perfumes, she won’t rest until she knows why.  
 n

Although structurally similar, the molecules in each pairing have very different odors. Each molecule activates a unique combination of odorant receptors.

Insect odor receptors fly into view

Whether they are malaria-carrying mosquitoes homing in on human flesh, bees searching for flowers, or crop-devouring pests seeking their next meal, insects depend heavily on their sense of smell. Thus, insect olfaction is a topic of intense scientific, medical, and economic interest.

“There is a lot of motivation to learn how insect olfaction works—in the hope of finding ways to intrude into the control system and to get harmful insects to stop doing their bad behaviors,” says John G. Hildebrand of the University of Arizona in Tucson. He studies the olfactory system of moths, which are major agricultural pests, for example.

Understanding insect olfaction may also provide insight into the sense of smell in higher animals. “What we learn about olfaction in flies and moths will guide us in our efforts to understand olfaction in our own kind,” says Hildebrand.

Yet insect olfactory investigators have been at a major disadvantage when compared with their vertebrate-studying counterparts. Despite years of effort by more than a dozen research groups, no one had identified any insects’ odor-receptor molecules. Two research teams now report unearthing these elusive proteins in Drosophila melanogaster, the common fruit fly studied in many laboratories.

The findings are “truly landmark advances,” says Hildebrand.

After mammalian odor receptors were identified in 1991, scientists studying fruit flies expected to quickly duplicate the feat. “Initially, we thought that [insect odor receptors] would look like the receptors in other animals,” recalls Leslie B. Vosshall of the Howard Hughes Medical Institute at Columbia University, an author of one of the new reports in the March 5 Cell.

No such luck. Searches for fly genes whose DNA sequences resemble the genes for receptors in mammals bore no fruit. Last year, John R. Carlson of Yale University and his colleagues, who describe their work in the February Neuron, decided to broaden their search parameters. They scanned the growing database of fruit fly gene sequences created by researchers at the University of California, Berkeley. They looked for any gene encoding a protein that has two features considered necessary for an odor receptor. It must crisscross the cell membrane seven times and be able to couple to a molecule called a G protein.

While several dozen candidate genes emerged, just two were active only in the olfactory sensory organs in insects. “We got very excited about that. We found them in the antennae but not in the brain or abdomen, for example,” says Carlson.

Further studies eventually identified 14 other members of this gene family. Each is active only in subsets of olfactory cells, further evidence that the genes encode odor receptors, says Carlson.

Vosshall, who is part of a research team led by Richard Axel of Columbia University, took a different tack in her search for fruit fly odor receptors. She and her colleagues compared the genes active in olfactory cells with those active in other parts of the insect’s head or body. In this way, the researchers identified more than 50 genes specific to the olfactory organs. Only one of those genes encoded a cell-surface protein that seemed likely to be an odor receptor.

The researchers have now completed their own computer search of the fruit fly­genome database and discovered nearly a dozen relatives of their initial receptor candidate. Almost all of these matched the potential receptors found by Carlson’s group.

Since only around 15 percent of the fly genome has been deciphered, the research teams estimate that the fruit fly might have 100 to 200 odor receptors. That’s far fewer than the 1,000 or so odor receptors employed by worms and mammals, but Carlson cautions that the estimates are very rough. There could be one or more odor-receptor families still undetected, he says.

Demonstrating the power of fruit fly genetics, he and his colleagues have already begun work on the next question: How do you tell the neuron that recognizes the smell of a peach to turn on peach-receptor genes and the neuron that responds to the scent of an apple to turn on apple-receptor genes? “It’s a really intriguing problem, and there’s remarkably little known about it,” says Carlson.

The researchers show that a protein called Acj6 helps certain sensory cells choose the odor receptor to display on their surface.

“I’m pretty optimistic we’re going to learn a lot about how the brain sees odor,” says Vosshall. “I think the true excitement will come in the next few years when we build a map that shows where all these [odor receptors] wire to in the brain.”                                                   —J.T.

Fruit fly head: In this electron microscope image, the olfactory appendages are tinted pink.

Biology

A Greek god explains anemic mice

Scientists seeking to understand anemia caused by iron deficiency have netted a gene involved in transporting the metal into the bloodstream. The protein that the gene encodes is named hephaestin, after the Greek god Hephaestus, who wove an iron net to capture Ares and Aphrodite.

Two lines of inquiry converged on the gene, whose discovery may also help explain observations dating back to the 1920s that a lack of copper leads to iron deficiency in the body. One line was the search for the mutation that gives a strain of mice an unusual form of anemia. The animals can’t use the iron available in their food to make the blood’s hemoglobin molecules. 

“If you give them oral iron, they don’t get better. But if you give them iron intravenously or through other means that bypass the gut, they do fine,” says Christopher D. Vulpe of the University of California, Berkeley. 

Studies of the mice have revealed iron sitting uselessly in cells lining the intestine. Those observations suggested that the mice had no problem extracting iron from their diet but couldn’t transfer the metal from intestinal cells into their circulatory systems.

As they studied the mice, Vulpe and his colleagues were also looking for relatives of the gene for ceruloplasmin, a copper-containing enzyme that participates in iron transport in organs other than the intestines, such as the liver. When they identified such a gene, they discovered that it was the same one found to be mutated in their anemic mice, the scientists report in the February Nature Genetics.  

The investigators found that the hephaestin gene is active only in gut tissue, the right location to explain the animals’ defect in iron transport from the intestines.

Since hephaestin is a relative of ceruloplasmin, it also likely employs copper. This may explain how copper deficiency can lead to anemia. The interplay between copper and iron in human metabolism has never been understood, says Vulpe. “This protein provides a connection. It needs copper to function. So, without copper, iron can’t get out of the gut,” he says.

Ceruloplasmin and hephaestin may facilitate iron transport by altering chemical properties of the metal, although that remains unproved. In the past few years, scientists have found several other genes involved in iron transport. When mutated, some prevent iron’s absorption by the gut (SN: 8/2/97, p. 68). Others cause hemochromatosis, a surprisingly common condition in which too much iron enters the blood (SN: 1/18/97, 

p. 46). The role of the gene mutated in hemochromatosis is still unknown. Vulpe speculates that it increases hephaestin activity, leading to extra iron transport into blood. 

   —J.T.

Drugs tackle cancer in unexpected way

A promising class of cancer drugs under development may work through a mechanism far different from the one researchers had initially envisioned. Known as farnesyltransferase inhibitors, the drugs thwart an enzyme that was thought to stimulate cell growth by working with mutant forms of a protein called Ras. Mutant Ras proteins appear in many cancers, which is why the inhibitors have stirred so much excitement (SN: 5/3/97, p. 274).

In the March Molecular and Cellular Biology, however, scientists present evidence suggesting that farnesyltransferase inhibitors check tumor growth by their effects on a protein called RhoB. By preventing farnesyltransferase from modifying RhoB, the drugs allow cells to convert it into a form that somehow limits cell growth, say George C. Prendergast of the Wistar Institute in Philadelphia and his colleagues. The scientists checked this hypothesis by forcing cancer cells to overproduce the growth-limiting form of RhoB. The tumor cells returned to normal, exactly as if they had been treated with farnesyltransferase inhibitors. Understanding the drugs’ interactions with RhoB rather than Ras may lead to improved versions, conclude the scientists.        —J.T.

Science & Society

A call for more college science and math

Most Americans are not prepared for the ever-expanding role of science and technology in their daily lives, charges Marye Anne Fox, chancellor of North Carolina State University in Raleigh. Yet the majority of college students take no more than a year of science, math, or engineering. Plenty of students sign up for none of these courses in college, having fulfilled their requirements with classes in high school, notes Fox. 

After surveying the situation and its ramifications, a National Research Council expert panel chaired by Fox concludes that colleges need to beef up undergraduate requirements in the scientific and technical fields and mandate that such courses be taken during college.

Too often, the NRC analysis found, students with nontechnical majors lack access to the best science and tech teachers, equipment, and experiences. For colleges to encourage lifelong learning and people’s ability to evaluate research findings, nonscience majors need “high-quality, laboratory-rich experiences,” the report maintains. 

Classes should foster supervised research lasting a minimum of one academic term for as many students as possible, regardless of their career goals, argues the panel. 

Finally, the report asks colleges to regularly assess how effectively they’re teaching science and technology in light of their ultimate goal: to give all individuals the skills to make technically competent decisions about their health, communities, and economic lives. 


   —J.R.

Whistle-blower wins back safety job

Four and a half years after Steven W. Jones was fired for reporting safety violations at the nation’s first full-scale chemical-weapons incinerator (SN: 12/10/94, p. 394), the whistle-blower will be allowed to resume his post as chief safety officer there. Jones had been dismissed after only 4 months on the job by the contractor that manages the facility, which is inside the Tooele (Utah) Army Depot. 

On March 24, a pair of judges of the Court of Appeals for the 10th U.S. Circuit ruled that the contractor had no justification for contesting earlier rulings ordering that Jones be rehired.

Both an administrative law judge and a Department of Labor review board had found insufficient grounds for Jones’ dismissal. The Labor Department then ordered EG&G Defense Materials to rehire Jones and give him back pay and $50,000 in compensatory damages.  

The plant was under construction when Jones was fired. His claims that it was vulnerable to leaks of deadly nerve and mustard agents proved accurate. Within the first month of operation, it was shut down twice for leaks to be repaired (SN: 10/5/96, p. 218). 


   —J.R.

Court puts Yellowstone deal on hold

A federal judge has suspended an unprecedented contract between Yellowstone National Park and a biotechnology firm. 

Two years ago, the park had agreed to give Diversa Corp. of San Diego the right to collect water and soil samples for research into extremophiles, microorganisms that thrive in harsh environments. In return for this bioprospecting right, Diversa would pay Yellowstone $175,000 over 5 years and share up to 10 percent of the profits from any products—such as heat-resistant enzymes—that resulted from the research.

Last year, public-interest groups filed a suit against the Department of the Interior and the National Park Service alleging that the agreement was a hasty, backdoor deal (SN: 5/9/98, p. 297). On March 24, Judge Royce C. Lamberth of the U.S. District Court in the District of Columbia agreed, ruling that the park service must study the environmental impact of the contract since it represents “a dramatic change” from normal policy. 

 —C.W.

