Chasing Monarchs: Migrating with the Butterflies of Passage—Robert Michael Pyle. Tracking migrating birds is nerve-racking, but technology helps. Dainty butterflies barely tolerate transmitters and nametages except for short distances. What else can a curious scientist do but follow them by car and on foot? Pyle did just that. This account combines an entomological excursion to understand how monarchs fly distances of up to 3,000 miles with Pyle’s wacky road trip from British Columbia to Mexico. With 20 years of monarch study under his belt, he ably tracked the butterflies to learn more about their eating, sleeping, and mating habits. Furthermore, he proves that some monarchs’ journeys extend to Mexico rather than halting in California, as previously believed. HM, 1999, 307 p., hardcover, $24.00. 

Cool Cats, Top Dogs, and Other Beastly Expressions—Christine Ammer. How is it that relief pitchers warm up in the bullpen? How did bunny come to be a term of endearment? Why is trouble brewing if you can smell a rat? Why are bats perceived to be blind? Ammer assesses a host of such phrases and expressions and explores their origins. HM, 1999, 266 p., illus., paperback, $14.00.

How the Canyon Became Grand: A Short History—Stephen J. Pyne. Those who first stumbled upon the great canyon of the southwestern United States either feared the crevasse or dismissed it as a worthless piece of land. Pyne defines the Grand Canyon not just geologically but also culturally, revealing how the gorge gradually acquired its popular image as a great monument. Pyne views the canyon through the discerning eyes of John Wesley Powell and Clarence Dutton, who recognized its inherent value. Originally published in hardcover in 1998. Plume, 1999, 199 p., b&w plates, paperback, $12.95. 

The Soul of Soil: A Soil-Building Guide for Master Gardeners and Farmers—Joe Smillie and Grace Gershuny. This fourth edition expands its scope to include national and global perspectives on the fundamentals of agronomy. As the term “organic” comes to be more widely used as a marketing tool for foods, Smillie and Gershuny explain what techniques of soil preparation remain true to this label. They impart an understanding of the biological, chemical, and physical factors inherent to soil ecosystems and then reveal how to manage soil properly without the use of chemicals. Chelsea Green, 1999, 173 p., illus., paperback, $16.95.

Time’s Pendulum: From Sundials to Atomic Clocks, the Fascinating History of Timekeeping and How Our Discoveries Changed the World—Jo Ellen Barnett. A day on Earth has not always been 24 hours long, and digital clocks have not tracked every millisecond of time. Barnett maps the ways and means of humans in their quest to chart time, whether to attend prayer sessions on a regular basis or catch a train passing through town without waiting all day. Beginning with the sundial and the long struggle to allow for changes in the amount of daylight, she guides readers through hundreds of years of history by way of the church bell, the pendulum, and modern atomic clocks. Originally published in hardcover in 1998. HarBrace, 1999, 334 p., b&w illus., paperback, $14.00. 

Waiting for Aphrodite: Journey to the Time before Bones—Sue Hubbell. Her skillful portrayals of forgotten invertebrates in Broadsides from the Other Orders and Far Flung Hubbell, continue in Hubbell’s riveting new tour of creepy crawlers. Earthworms, sea urchins, camel crickets, and Aphrodite, a bizarre sea mouse, may seem irrelevant to us—the dominant vertebrates of the planet; however, Earth swarms with invertebrates that support us almost invisibly with the aid of a host of fascinating traits. For instance, sponges are an “evolutionary sideshow”: They do not harbor a single organ or a nervous system. Yet the larvae of one species produces the neurotransmitter serotonin, and a colony of sponges exhibits enough strength to filter the entire column of water above it through its members’ bodies each day. Tidbits such as these lace the text and provide an enjoyable journey through this unseen world. HM, 1999, 242 p., illus., hardcover, $24.00. 

What Counts: How Every Brain Is Hardwired for Math—Brian Butterworth. Numbers permeate our lives. Even the most primitive societies implemented methods of counting and calculating. Butterworth contends that this ability can be likened to language as an inherent trait. As a cognitive neuroscientist at University College in London, Butterworth began his research with people such as victims of stroke, who lack the ability to count. He later began to consider shortcomings in mathematics as natural handicaps, like colorblindness. Finally, he searched for ways to account for people who possess keen mathematical abilities and for others who fumble through basic arithmetic. Butterworth believes performance differences, which he also addresses in this book, depend on experience and education. This leads him to critique mathematical teaching methods and offer better ways of imparting mathematical principles without heavily relying on memorization, for example. Free Pr, 1999, 416 p., illus., hardcover, $26.00.
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Cover:  A trip on the light fantastic. Using the push of sunlight rather than the thrust generated by a massive amount of rocket fuel, a spacecraft may glide through the solar system and into interstellar space in the not-too-distant future. Less ambitious missions, such as a sail-powered satellite to monitor solar storms, are already being planned.   Page 120 (Illustration: JPL/NASA)

Another diabetes connection?

The study linking diabetes with infant cows’ milk formula (“Cows’ milk, diabetes connection bolstered,” SN: 6/26/99, p. 404) was intriguing and certainly leads to speculation regarding the addition of bovine growth hormone to our milk supply. The proposed immunologic mechanism for the development of human diabetes after infant exposure to nonpharmacological amounts of bovine insulin could be extended to bovine growth hormone. Everything seems like such a good idea until a mechanism for disaster presents itself.

Warren Geisler

Pelham, N.Y.

I wonder why the research didn’t compare at-risk babies who are exclusively breast-fed with babies who receive formula and why the solution seems to be to create a new formula rather than to encourage mothers to breast-feed. If we educate the public about the advantages of breast-feeding, institute policies that support mothers in breast-feeding, and stop normalizing artificial feeding, then perhaps rates of juvenile diabetes and other illnesses will decline.

Janet E. Kruse

Kailua, Hawaii

All the researchers agreed that the benefits of breast-feeding are great and recommended it. However, in this study, they were trying to control as many variables pertaining to cow-protein intake as possible, and so they compared two milk formulas—with and without intact bovine proteins.
                      —N. Seppa

“Humans are the only animals that drink the milk of another species,” as stated in the story, is tautologically similar to “If God had meant people to fly, He would have given us wings.” True, humans are the only animals that have figured out how to obtain the milk of another species, but after we pour it into their dishes, the other species seldom hesitate. Any role of cows’ milk in the etiology of type I diabetes in babies is, as Finnish researcher Hans K. Akerblom observed, offset by the nutritional value of the milk.

Joann S. Grohman

Dixfield, Maine

Stop and go to the obvious

I am distressed to read of complex schemes to simulate traffic conditions (“Stop-and-go science,” SN: 7/3/99, p. 8). Dire predictions of total gridlock preceded the 1984 Olympics in Los Angeles. The simple expedient of restricting truck traffic in the L.A. basin to the nighttime hours created the lightest daytime traffic that the area has experienced in decades. For 2 weeks, we had clean air and blue skies. Contrast that with conditions in the summers of 1983 and 1985. How about plugging some of those realities into the simulations?

Ted McKinney

Thousand Oaks, Calif.

It never ceases to amaze me how much effort people put into endeavors such as attempting to understand and improve traffic flow while never considering that the problem is actually one of overpopulation. To be truly solved, it requires that we stop growing.

Ted Toal

Nevada City, Calif.

Erosion: Dustup over Muddy Waters

Contrary to some recent analyses that paint a dire portrait of soil loss from farmland, a new study of surveying data reaching back to the 1930s shows that erosion rates have declined markedly in one of the best-studied agricultural watersheds.

“For the last 20 years, we’ve been reading all of these scare stories of how great the erosion is and how it is greater than in the 1930s. There is no physical evidence for this,” says Stanley W. Trimble of the University of California, Los Angeles. 

Trimble draws these conclusions from his work in the Coon Creek Basin in southwestern Wisconsin. A fluvial geomorphologist, he measures the quantities of sediments building up in rivers and their floodplains as a result of soil loss from fields. “The rate of sedimentation has greatly slowed over the last 60 years so that it is now about 5 percent of what it was in the 1930s,” he concludes. 

In the Aug. 20 Science, Trimble compares results from surveys he did in the 1970s and the early 1990s. His work has followed up on investigations that began in 1938 along Coon Creek, an area of steep slopes and intensive agriculture. Because of tremendous erosion problems in the basin at the time, agriculture officials selected it as one of the first places in which to implement practices to reduce erosion, such as planting along slope contours.

The rate at which sediment is accumulating in Coon Creek and its tributaries decreased from 1.2 million tons per year during the 1920s and 1930s to 80,000 tons per year from 1975 through 1993, a time of abnormally wet weather, reports Trimble. 

The latter figure contrasts with other recent reviews of U.S. soil erosion. Data from the U.S. Department of Agriculture’s periodic National Resources Inventory, for example, indicate that erosion in the Coon Creek region was 2 to 31/2 times as large during roughly the same period, Trimble estimates. In 1995, David Pimentel and his colleagues at Cornell University used USDA figures to estimate that soil erosion cost the United States $44 billion each year. A 1998 textbook called U.S. erosion “as severe as it was in the 1930s.”

These assessments, however, have relied on models and small-scale studies that don’t directly measure how much erosion is happening, charges Trimble. “This has turned into a canard. Anything we do we have to base on good data.”

Pimentel responds that Trimble’s study looked specifically at sediments in a watershed, not at what was happening on fields. “It really is not a good, sound study on agricultural croplands or pasturelands,” says Pimentel. “We really don’t know how much has left the field,” he adds.

While he agrees that erosion problems have decreased since the 1930s, “that doesn’t negate the fact that we have erosion and an enormous amount is coming off the land,” says Pimentel.

The Cornell economic estimate used calculations of soil erosion made before farmers came into compliance with the 1985 Food Security Act, which required them to develop soil-conservation plans. More recent figures suggest that erosion has since dropped by close to 40 percent, says Warren Lee, acting director of the USDA division that puts out the National Resources Inventory.

Using newer numbers, two USDA researchers report in the latest Journal of Sustainable Agriculture that U.S. erosion in 1997 cost $29.7 billion. 

Timothy Beach, a geographer at Georgetown University in Washington, D.C., says the scientists equating modern erosion with that of the 1930s represent “a very minority view.” Beach, who has studied soil loss in Minnesota not far from Coon Creek, says that the recent advances don’t mean the problem is solved. He says, “There are still some areas that are problematic, that are not being farmed at a sustainable rate. And that’s bothersome because we’re draining down the fertile soil that is available.”                                —R. Monastersky

The broken limb jutting from this tree was high enough in the 1920s to drive a loaded hay wagon beneath. Photo shows how much sediment had accumulated on the Coon Creek floodplain by 1973.

And now there are two striped rabbits

A new species of rabbit, with bold stripes and a reddish rump, has turned up in the Annamite mountains on the border between Laos and Vietnam. 

The creature looks much like the world’s only other known striped rabbit, Nesolagus netscheri from Sumatra, report Alison K. Surridge of the University of East Anglia in England and her colleagues. Yet a genetic comparison of hundred-year-old museum specimens of the Sumatran animal with Annamite rabbits killed by hunters reveals separate taxonomic groups. They diverged some 8 million years ago, the researchers say in the Aug. 19 Nature.

Scientists first suspected a second striped species when they spotted unusual carcasses in the food market of a Laotian village in 1995. Recently, an automatic camera in Vietnam’s Pu Mat Nature Reserve snapped a live rabbit.  

The camera also recorded many human feet, notes coauthor Diana J. Bell, also from East Anglia. She frets that increased hunting threatens the species. “It’s not a happy story,” she says.

Scientists once feared that the Sumatran rabbit had gone extinct. However, a motion-triggered camera found one very much alive and surprised in 1998.

Bell is tantalized by the evolutionary questions the elusive animals raise. For example, the Sumatran rabbit carries an extremely unusual flea species. “We’re waiting with bated breath to find a new rabbit with fleas,” she says.

In the past decade, the Annamite area has yielded stunning finds—the deerlike giant muntjac, the bovine saola, the Vietnam warty pig—notes Joshua Ginsberg of the Asia Program of the Wildlife Conservation Society, based at the Bronx Zoo. He rejoices that “there are a few places left that are still truly wild.”                 —S. Milius

An automatic camera snapped the only photo of a live rabbit of the new species.

Gene makes fetal skin become watertight

While growing in a fluid-filled womb, safe from most infectious microbes, a fetus has little need for a protective coating. Yet the outside world is a far drier and more dangerous place. About a month before it’s due, a human baby prepares for its new environs by transforming its skin into a watertight barrier that also keeps out bacteria and viruses.

By disabling a single mouse gene, scientists have now created a strain of mice unable to develop such a life-preserving skin barrier. Study of the animals, which die less than a day after birth from shock brought on by rapid dehydration, should help investigators identify other genes that play a role in barrier formation.

The mutant mice may also point the way toward drugs to help human infants born months before this crucial shield takes effect. These premature babies face a high risk of infection and dangerous weight loss due to dehydration. 

“If you could pharmacologically intervene and accelerate [skin-barrier formation], you could improve survival,” says dermatologist Dennis Roop of Baylor College of Medicine in Houston.

Scientists compare the skin barrier to bricks and mortar. The bricks, nearly indestructible aggregates of protein, collectively form a scaffold called the cornified envelope. Cells in the uppermost layer of skin create this envelope as they die. Lipids, which are fatty molecules, then provide the mortar that fills the spaces in the scaffold.

The gene for a protein called Klf4 appears to serve as a switch that turns on barrier formation, Julia A. Segre, Christoph Bauer, and Elaine Fuchs, all of the Howard Hughes Medical Institute at the University of Chicago, report in the August Nature Genetics. Klf4 belongs to a family of DNA-binding proteins, each of which regulates a different set of genes. 

Investigators knew that the gene for Klf4 is extremely active in maturing skin cells, but they didn’t know the protein’s exact function. The Chicago team addressed that issue by creating mice that have a mutation in the Klf4 gene.

The resulting newborns looked normal, but all died within 15 hours of birth. The researchers observed that the pups failed to feed, but that didn’t explain their early deaths because newborn mice can survive for a full day without feeding. 

Suspicious that the mutant mice had a defective skin barrier, the researchers dipped the animals and normal newborn pups in a blue dye. The dye barely stained the normal mice but suffused the newborns lacking Klf4, a sign that the skin barrier was absent in those rodents.

By measuring the skin’s ability to conduct an electrical current, which increases with the amount of water in the tissue, Segre and her colleagues showed that the mutant mice were losing significant amounts of water through their skin. In people, a similarly dramatic loss of water would lead to kidney shutdown, shock, and ultimately death.

Beginning their search for genes regulated by Klf4, the investigators have already found three that encode proteins of the cornified envelope. In the mutant mice, these genes are abnormally active, leading to the formation of a distorted envelope.

The investigators now hope to use the rodents to identify drugs that can trigger skin-barrier formation in fetuses and newborns. Today, physicians have few options. They can prescribe potentially harmful growth-stimulating hormones to women they suspect will deliver prematurely or, after a baby is born early, place the infant in a humidified incubator and slather its skin with Vaseline.   —J. Travis

A blue dye barely stains a normal newborn mouse (left) but penetrates into a mutant pup with an ineffective skin barrier (right). 

Kansas cuts evolution from curriculum

In a dramatic revision of science education in the state, the Kansas Board of Education voted 6–4 last Wednesday to remove almost all mention of evolution from its required curriculum. If the decision stands, one of science’s central concepts will be cut from state assessment tests at all grade levels. It will become optional for teachers to cover the origins and history of life on Earth, as well as principles that require Earth to be older than creationists believe. These would include theories of the Big Bang, geologic time, and plate tectonics. 

Although other states, including Nebraska, New Mexico, Alabama, and Arizona, have taken steps to curtail the teaching of evolution in recent years, none has gone as far as Kansas, says Molleen Matsumura of the National Center for Science Education in El Cerrito, Calif.

“These are some of the most thorough changes we’ve seen, across multiple curriculum areas,” Matsumura says. Although a 27-member science committee wrote a draft curriculum containing evolution, the Kansas board established the new policy when it removed “pages and pages of material” that the committee had recommended for statewide science tests, she adds.

According to Tom F. Willis of the Creation Science Association for Mid-America in Cleveland, Mo., which helped the board change the curriculum, because evolution cannot be reproduced in a laboratory, it should not be taught “as though it is the only theory believed by sane individuals.” He adds, “I absolutely feel that [the new curriculum] would improve science and would improve the honesty with which it is taught.”

“We are talking about a complete misunderstanding of how the sciences are integrated,” University of California, Berkeley paleontologist Kevin Padian says of the board’s action. “It’s so absurd to pretend that you can rope off one part of science—especially one such as evolution, which is the central organizing theory of biology—and think that it won’t have ramifications.” 

Many scientists fear that without being required to teach evolution, teachers may bow to local pressures to skip it, leaving students ill prepared for college. “In a lot of small, rural Kansas towns, the science teacher is the most trained person there, so it’s just that one person against an entire community, sometimes,” says Brad Williamson, a high school biology teacher in Olathe, Kan. 

The new curriculum may be short-lived, however. Four of the board members who voted against evolution will be up for reelection in November. Many scientists hope that voters will oust the four and elect a new board to restore evolution to the curriculum.

“There’s a great outrage in the state right now,” says biologist Helen M. Alexander of the University of Kansas in Lawrence. “The governor came out against [the new curriculum]. The presidents of the universities came out against it. In the long run, I would be surprised if it stayed.” Even so, she says, if teachers skirt the subject of evolution, “the net effect is that children won’t be exposed to it, and the decision will have long-term effects on science education.”

Following the decision, the American Geophysical Union called for scientists to become more involved in their local school districts. Matsumura agrees that scientists are often best equipped to fight efforts to pull evolution out of the classroom. She says, “People talk about the truth winning out in the end, but truth does not win all by itself. It wins with committed exponents.”     —S. Carpenter

Taking temperatures of nuclear transitions

Most earthly matter dwells in a sleepy neighborhood that has been largely        neglected by nuclear physics. It’s the burg populated by unexcited nuclei that appear to be rich in orderliness but poor in energy.

In recent years, Norwegian physicists have devised a technique to probe the structure of nuclei inhabiting such low-energy landscapes. In an upcoming Physical Review Letters, Elin Melby and her colleagues at the University of Oslo will report extending the technique to allow them for the first time to infer the temperature of such nuclei as they go through some intriguing transformations.

The researchers deduce temperature from the way the neutrons and protons, together called nucleons, rearrange themselves when energy is added to the nucleus. Knowing these temperatures will make it possible to better identify the stages that nuclei pass through as they crumble from an orderly arrangement of nucleons into a disorderly high-energy gas, says Magne Guttormsen, who led the research team. 

Until an unexcited nucleus gains about 2 million electron volts (MeV) of energy, theories predict, its nucleons should orbit in well-defined pairs of identical particles. Each nucleon pair shares one internal energy level. In line with these predictions, the data gathered by the Norwegian team indicate that the pairs start to break up as the overall nuclear energy increases to more than 2 MeV. 

“We are just now trying to find out the critical temperature,” Guttormsen says.

A succession of jumps in the number of energy levels that the nucleons can occupy also indicates that the pairs split apart one at a time, not in a rout, he adds.

So far, the scientists have determined an average temperature of one type of nucleus as the first few nucleon pairs break up: roughly 6 billion kelvins, or 375 times as hot as the center of the sun. “It’s actually a quite cold system,” says Guttormsen, compared with extremely excited nuclei at much higher temperatures in accelerator experiments (SN: 4/15/95, p. 228). 

Exciting low-energy nuclei to study them without destroying their internal structure has proven challenging. The Norwegians have explored the transitions by bombarding the heavy nuclei of the rare earth elements dysprosium, erbium, and ytterbium with light, relatively low-energy helium-3 ions. The ions steal neutrons from the target, changing themselves into helium-4, and leave behind nuclei excited just enough to give off gamma rays that lay bare their inner workings.

By learning more about such transitions, researchers may deepen understanding not only of nuclear structure but also of superconductivity and the behavior of tiny objects composed of only a few atoms, comments Teng L. Khoo of Argonne (Ill.) National Laboratory.

Most striking, Khoo finds, is the Norway team’s evidence of steps. Compared with transitions of electron pairs in superconducting metals, which suddenly fall apart at certain temperatures, the rare earth transitions are “smeared,” he says.

Although previous calculations have shown that pair disintegrations take place progressively, “we’ve never been able to trace how that happens,” Khoo says. “This paper is the first good glimpse of this stepwise smearing of this transition.”

Steven Koonin of the California Institute of Technology in Pasadena says that he and his colleagues are planning further calculations in the same low-energy range to see if they also can find a step pattern in the transition. “It’s difficult to get down to such low energies with good resolution for us. With more computers and computer time, we’re going to try that,” he says.                                —P. Weiss

This instrument, called CACTUS, detects helium particles and gamma rays emerging from excited nuclei that undergo low-energy transitions.

Warmth switches on a polymer’s tackiness

Bandages gummy enough to stay put often seem a bit too sticky when the time comes to pull them off. Now, researchers in Paris have created a glue that could take the “Ouch!” out of removing an adhesive strip. In a new study, they show that a polymer can switch from sticky to not-sticky with just a slight temperature change. 

The team, a joint research group of the National Center for Scientific Research and the chemical company Elf Atochem, created the new adhesive by combining two types of polymer molecules. Both have long carbon backbones with side groups poking out like the legs on a centipede. The side groups of one molecule contain hydrogen atoms while the other’s contain mostly fluorine atoms. Because fluorinated polymers repel both oil and water, they provide the nonstick coating for cookware and the waterproofing for shoes and clothing. 

At room temperature, about 25°C, the two molecules organize themselves in neat, alternating layers to form a hard material. Raising the temperature to 35°C melts the polymer, which can be considered a liquid crystal. 

At the transition point, when the molecules lose their crystalline arrangement, the material turns from hard to sticky, says study coauthor Ludwik Leibler. He and his colleagues Guillaume de Crevoisier, Pascale Fabre, and Jean-Marc Corpart report their findings in the Aug. 20 Science.

“The change is very dramatic,” Leibler says. The polymer switches to its sticky state as the temperature increases by just 2°C. Conventional adhesives, by contrast, lose their tackiness only if they are cooled to about –40°C.

Because the transition happens close to body temperature, “I think this has high potential for bandage-type applications,” says Richard P. Wool of the University of Delaware in Newark. With an adhesive derived from this polymer, “you could just cool [bandages] down and they’d pop off,” he predicts.

Bandages made with this material would also be easy to reposition: Simply warming them up would renew the stickiness of the adhesive. 

Leibler suggests that the polymer could also work as a coating on the grips of golf clubs or tennis rackets. The heat from an athlete’s hand would improve his or her grasp, but dust and grime would fail to stick when the equipment is not in use.

The researchers can control the temperature at which the transition occurs by either altering the ratio of polymers in the adhesive or controlling the composition and length of the side chains, says Leibler. 

“That’s a very nice aspect of this technology,” says Wool. “If it’s truly switchable, this is a very interesting material.”

The polymer’s ability to wet a surface explains in part how it turns tacky. At the transition point, the material is no longer solid and flows into the crevices of a rough surface, making better contact. Improved contact with the surface in turn improves adhesion. 

Changes on a molecular level also contribute to the stickiness. At room temperature, “the fluorine groups will fend off the surface, and you get very low stick,” says Wool. When the material heats up, however, the molecules become disordered, and “the backbone can start to play a role in making contact with the surface,” he says.

The polymer could serve as “a model system to understand the nature of adhesion,” Leibler suggests. He and his group are now studying how changes in the chemical composition of the polymer components affect stickiness.      —C. Wu

Schizophrenia caregivers take health hit

Although people suffering from long-term, incapacitating psychiatric disorders were once consigned to mental institutions and hospital back wards, as many as 2 out of 3 now live with family members. People caring for a mentally ill relative not only face a draining and seemingly endless task but may in certain cases catch far more than their fair share of colds and other infectious illnesses, a new study suggests. 

The frequent appearance of hallucinations, delusions, and other so-called positive symptoms in people diagnosed with schizophrenia accompanies high numbers of infectious ailments in their caregivers, asserts a team led by psychologist Dennis G. Dyck of Washington State University in Spokane. 

Symptoms of schizophrenia that are classified as negative, such as persistent apathy and social withdrawal, exhibit no link to caregivers’ infectious ills, the scientists report in the July/August Psychosomatic Medicine.

These long-lasting, negative symptoms did, however, create a greater  burden for caregivers than intermittent positive symptoms, the researchers contend. In the study, the team measured burden by evaluating care-related money woes, worry about one’s afflicted relative, self-blame for the situation, and stigma attached to having a mentally ill family member.

The new evidence “contributes to a growing body of literature suggesting that . . . caregiving may be not only burdensome but actually hazardous to the caregiver’s health,” comments psychiatrist   Igor Grant of the University of California, San Diego in the same journal issue.

Other researchers have found that people who care for spouses with Alzheimer’s disease report high levels of burden and depression and also exhibit signs of weakened immune function (SN: 4/6/91, p. 217). Unlike Alzheimer’s disease, however, schizophrenia typically strikes young adults who then require decades of care from relatively young parents or siblings.

The mental and physiological consequences of this type of “very-long-term stress” for caregivers have attracted little scientific attention, Grant says.

In the new work, a nurse interviewed 70 people who cared for relatives with schizophrenia—mainly mothers tending adult children—about their own physical symptoms and physician visits in the past 6 months. Caregivers averaged 52 years old, and their charges, 33 years.

A second interviewer then assessed each caregiver’s perceived burden, depression, anger, support from friends and family, and style of coping with stress. Coping styles included wishful thinking (such as hoping for a miracle), focusing on problems (making and following a plan of action), avoidance (trying to forget about the problem), relying on religious faith (such as frequent prayer), and self-blame for the relative’s illness.

Several independent raters also estimated the extent of the burden that each patient placed on his or her caregiver.

Caregivers who engaged in wishful thinking, avoidance, and self-blame tended to find their situations extremely burdensome. Surprisingly, caregivers who formulated specific plans also reported a comparably high level of burden.

Although not citing especially high or low burden, those who relied on religious faith or were satisfied with the support received from friends and family cited the lowest rates of infectious illness, the researchers hold.

Caregivers with excessive burdens didn’t necessarily report an elevated rate of illness. Burdens imposed on caregivers apparently do not lay the groundwork for infectious illness, Dyck’s group theorizes. Instead, specific aspects of the condition under care—such as positive symptoms in schizophrenia—and a caregiver’s coping style influence the immune system’s ability to fend off infections, in their view.

This health-undermining process may hinge on caregivers’ behavioral responses, such as eating poorly and exercising little, or on emotional distress that sparks a cascade of hormonal and immune changes, Grant says.      —B. Bower 

Synthetic drug slows glaucoma in rats

In glaucoma, pressure buildup in the eyeball can lead to blindness by disabling the nerves in the back of the eye that send images to the brain. The pressure causes excessive production of nitric oxide, which can assume a toxic form that kills the retinal cells that carry information through the optic nerve. 

By neutralizing an enzyme known to spur nitric oxide production, researchers studying rats at Washington University in St. Louis are now able to hold such nerve damage at bay—even if pressure in the eye remains high.

Eye pressure rises when normal fluid discharge from the eye becomes blocked. Pressure-reducing medication such as beta-blockers can ease this condition in many glaucoma patients, but some forms of the disease resist these drugs and continue to destroy nerve cells, which don’t regenerate. 

The scientists cauterized blood vessels to induce high pressure in one eye of each of 16 rats. Half the rats then received aminoguanidine in their drinking water. This synthetic drug inactivates nitric oxide synthase-2, or NOS-2, an enzyme that responds to the tissue damage by launching—for reasons that are still unknown—a flurry of nitric oxide production.

Over 6 months, nerve cells called ganglion cells remained constant in each rat’s healthy eye. The unmedicated rats, however, lost an average of 36 percent of the ganglion cells in the retinas of the eyes with glaucoma. Those getting aminoguanidine did not lose significant numbers of these cells, says study coauthor Arthur H. Neufeld, an ophthalmic pharmacologist.

Abnormally high pressure persisted in the cauterized eyes of both groups of rats. “We showed that despite the pressure, we were still able to protect the ocular ganglion cells,” says Neufeld. The findings appear in the Aug. 17 Proceedings of the National Academy of Sciences.

Monthly examinations of the rats revealed cupping of the optic disk at the back of the untreated eyes with glaucoma. Such malformation serves as a sign of glaucoma in people.

Since a rat’s life span is only a few years, the 6 months needed for significant nerve damage to accumulate parallels the period of years over which the common chronic form of glaucoma develops in people, Neufeld says. 

In this study, the scientists were able “to find a way to really protect the optic nerve, not just lower eye pressure,” says Paul L. Kaufman, an ophthalmologist at the University of Wisconsin-Madison. Because this study opens the door to treatments aimed at inhibiting the NOS-2 enzyme, “it will likely be considered a classic in years to come,” he says.

Excess nitric oxide begets a toxic substance called peroxynitrite. Neufeld hypothesizes that curbing nitric oxide production limits peroxynitrite concentrations. The compound is thought to degrade nerve cells and possibly induce apoptosis, or programmed cell death.

Whatever the precise mechanism behind the nerve damage, the study shows that aminoguanidine protects against it in the rat model, Neufeld says. Aminoguanidine was originally developed and tested, without much success, as a treatment for diabetes. Its prospects as a glaucoma drug seem brighter.

While lowering eye pressure eases glaucoma in many cases, too much pressure reduction can do damage. As a result, the enzyme-blocking approach for glaucoma “is very much welcomed,” says Carl Kupfer, director of the National Eye Institute in Bethesda, Md.                                              —N. Seppa

Travelin’ Light

Sailing through the solar system . . . and beyond

By RON COWEN 

“Just one of those fabulous flights, 

A trip to the moon on gossamer wings . . .”

—”Just One of Those Things,” Cole Porter

Thirty years ago last month, three astronauts roared into space on a historic journey to the lunar surface. Their trip to the moon, however, was hardly on gossamer wings. The Saturn V rocket that launched Apollo 11 crewmembers Buzz Aldrin, Neil Armstrong, and Michael Collins weighed 15 times as much as the Statue of Liberty, stood 20 meters taller, and carried 2,500 tons of fuel. 

Now, imagine another craft cruising through space. This lightweight vehicle has neither rocket nor fuel to weigh it down. Unfurling a shiny aluminized sail less than 100 atoms thick, the craft gets a continuous push from a limitless supply of energy—sunlight.

Like a sailboat on the ocean, such a spacecraft could adjust the tilt of its sail to steer itself in any direction (SN: 11/21/81, p. 328). It could move out of the plane in which the planets revolve or drift closer to the sun. Moreover, sunlight could push the craft to the very fringes of the solar system and into interstellar space. Augmented by an extraordinarily powerful laser beam shining light into space from Earth’s orbit, a sailcraft might travel even farther, to the nearest star, completing its journey in just 40 years. 

If that sounds like science fiction, in some ways it still is. A sail thin enough and large enough to propel a craft to the solar system’s edge has yet to be built. Two decades ago, NASA turned its back on solar sails, concluding that the technology was just too far-out.

In the past few years, however, solar sails have gotten a second wind. Revolutions in microelectronics and materials science have shrunk the size of spacecraft and made possible lighter-weight construction. “We can do a lot more in a small package,” says John L. West of NASA’s Jet Propulsion Laboratory (JPL) in Pasadena, Calif. 

The space agency’s oft-proclaimed quest for faster, better, and cheaper missions also has refocused attention on sails. NASA scientists now say that the first sailcraft to venture to the solar system’s edge could be launched a decade from now.

This novel means of transport may soon get a major push forward. The National Oceanic and Atmospheric Administration (NOAA) and the Air Force have proposed a mission called Geostorms, which would closely monitor upheavals on the sun and become the first craft to navigate by sail. Although NASA this week decided not to contribute funds to the project, it has set aside money in its fiscal year 2000 budget for development of solar cells and related technologies.

“There’s definitely been renewed interest in sails,” says Les Johnson of NASA’s Marshall Space Flight Center in Huntsville, Ala. “We want to develop propulsion systems to let us get out of the solar system. And when you look at the options that are available . . . the one that looks doable in the next 10 years is the solar sail.”

You don’t have to be a rocket scientist to understand the physics underlying solar sails. More than a century ago, Scottish physicist James Clerk Maxwell realized that light must exert a pressure. Physicists now think of light in terms of photons, particles that have no mass but carry momentum. Like ping-pong balls bouncing off a wall, photons striking a perfectly reflecting surface exactly reverse their direction of motion, imparting twice their momentum to the surface in the process. 

The nudge delivered by a single photon is minuscule, so a solar sail must be large in order to intercept as much light as possible. Indeed, at Earth’s distance from the sun, the force applied by light on a square meter of sail is only 9 micronewtons, less than the weight of an ant. To maximize the acceleration from sunlight, the sail must be wrinklefree. The sail must also be lightweight, with a density less than that of this printed page.

Although several science fiction writers at the turn of the century penned stories about spaceships propelled by mirrors, it wasn’t until 1924 that Russian aeronautics pioneer Konstantin Tsiolkovsky and his colleague Fridrickh Tsander wrote of “using tremendous mirrors of very thin sheets” and “using the pressure of sunlight to attain cosmic velocities.” It was Tsander who first proposed the solar-sail design still in use today—an ultrathin layer of reflective metal coating a rigid plastic backing. 

Space scientists were slow to follow up on his ideas.  In the early 1950s, engineer Carl Wiley became the first U.S. scientist to discuss the design of sails, orbits for sailcraft, and the advantages of solar sailing for travel between the planets. He even envisioned that a sail could be tilted to steer or track a craft.

 Wiley was so worried about what his peers would think that he published his work under a pseudonym, Russell Sanders. Perhaps that was just as well, considering that his May 1951 article appeared in the journal Astounding Science Fiction. 

Columbia University engineer Richard Garwin first coined the term solar sailing in the late 1950s. However, it took science fiction writer Arthur C. Clarke, who wrote about a solar-sail race in his 1963 short story “The Wind from the Sun,” to capture public attention. 

In 1976, JPL scientists proposed a solar-sail mission on a grand scale. They suggested building a sailcraft that would rendezvous with Comet Halley during its 1986 return to the inner solar system. An early design called for a mammoth sail, 800 m on a side, to transport an 850-kg payload. Not long after, NASA deemed the plans too risky and abruptly terminated all solar-sail research. A few private groups tried to keep the idea alive through the 1980s, raising funds for a solar-sail race to the moon, but the race never happened.  

A Russian experiment eventually rekindled interest. In 1993, the resupply vehicle Progress, which services the Russian space station, successfully used an onboard motor to unfurl a 20-m, disk-shaped sail. Designed as a prototype of a mirror that could illuminate northern Russian cities during the dark winter months, the experiment proved a success, demonstrating that a sail could be deployed in space.

In 1996, NASA’s space shuttle deployed a large inflatable radio antenna, using a technology that gave solar sails another boost (SN: 1/13/96, p. 24). All along, engineers had been uncertain how to unfurl a large, tightly rolled sail without creasing it. The shuttle experiment, by demonstrating that a large structure could inflate in space, suggested a way to solve the problem. The sail could be pushed out of its storage container by an inflatable boom, similar to the way a party blower would push out any material that had been rolled up along with it. Inflatable booms or struts could keep a sail under tension—wrinklefree—after it opened.

Around the same time, scientists came to realize that solar sails need not be several times the size of a football field. A modest sail, too small for a trip to the outer solar system, can allow a craft in Earth’s neighborhood to maneuver in novel ways. 

Geostorms is a prime example of such a mission. It would travel by conventional rocket from Earth directly toward the sun, coming to rest 1.5 million km from Earth. At that position, the sun’s gravity balances that of Earth.

Soon after it arrives there, Geostorms would unfurl a relatively small 70-m sail. Set at a carefully chosen angle, the sail would provide the energy required to send the craft an additional 1.5 million km closer to the sun yet keep in sync with Earth’s motion. From that vantage point, Geostorms would closely monitor the sun for magnetic storms that could disturb satellites and knock out power grids on Earth, providing warning of solar storms 2 hours before they strike our planet (SN: 3/13/99, p. 164). That’s nearly double the warning time currently available. 

Cosponsored by NOAA and the Air Force, Geostorms could be the first of a series of solar-sail missions that venture ever closer to the sun, says Patricia Mulligan of NOAA’s satellite office in Suitland, Md.

“Solar sails have been around theoretically for years and years,” says West. “The thing that is different with the Geostorms concept is that for the first time, there is actually a practical application that users are willing to pay for.”  

Geostorms may be just the first of several solar-sail missions that could be launched by 2005, says Charles E. Garner of JPL. These include commercial satellites that would orbit Earth at high latitudes, improving broadcast communication to residents of Alaska. At present, conventional satellites can remain in such orbits only with great difficulty.

More advanced missions, which would require larger sails with lower densities, might be ready for launch between 2005 and 2010, Garner says. These include a mission to Mercury. With a sail 100 m on a side and having a density no higher than 10 grams per square meter (g/m2), “we could go to Mercury and get there quicker than by [rocket],” he predicts. 

Launched into a solar orbit at Earth’s distance from the sun, the sail would be angled to slow its speed, allowing the sun’s gravity to draw the craft into Mercury’s orbit. On arrival, the craft could tilt its sails to begin orbiting the poles of the planet, as well as its equator. 

A sail mission venturing outward, to Saturn’s methane-shrouded moon Titan, would have similar design requirements, notes Garner. It would take significantly less travel time than the rocket-propelled Cassini mission, which is expected to arrive at Saturn in 2004, after a      7-year journey.

If engineers can develop a 200-m sail with a density of 1 to 5 g/m2, it would make possible a slew of far-flung missions. Achieving a density of 1.5 g/m2 “is the holy grail for solar sails,” says Garner, because the photon pressure falling on such a sail balances the pull of the sun’s gravity. 

In the inner solar system, vehicles could sit permanently above the sun’s poles, watching the writhings of the sun from a vantage point no craft has so far attained. By combining images of the sun from a fleet of craft at various latitudes, stereo views of the sun would be possible.

Similarly, a sailcraft could hover above Earth’s poles, watching the weather evolve over the Arctic and Antarctic regions. 

The typical long-distance sail mission would build up its solar-powered acceleration by first spiraling to well within Mercury’s orbit. “In the same way that [conventional spacecraft] swing by Jupiter to get a big gravitational kick, a solar sail will swing by the sun and use radiation pressure to give it a big kick,” notes David Alexander of the Lockheed Martin Solar and Astrophysics Laboratory in  Palo Alto, Calif. 

Jettisoning the sail near Jupiter’s orbit, where solar radiation becomes too feeble to provide significant acceleration, the spacecraft’s momentum would speed it through the outer solar system. Relying on small amounts of chemical propellant, these vehicles might land on such intriguing sites as Europa, the Jovian moon suspected of harboring an ocean, or a comet in the Kuiper belt, Garner suggests.

For missions that aim to linger in the outer solar system, however, West argues that a nuclear-powered engine would maneuver more easily than a solar sail. 

Another proposed sail mission, the Interstellar Probe, would be the first to leave the solar system. It would travel beyond the Kuiper belt to a region about 200 astronomical units (AU) from the sun. (One AU is the distance between Earth and the sun.) 

If it travels farther into interstellar space, a sailcraft would pass by a special zone. According to Einstein’s theory of gravitation, every massive body can act as a gravitational lens, bending or distorting light emitted by an object lying directly behind it. This includes the sun. At distances of 550 AU or more, the sun’s gravity can bring light from distant objects to a focus, enlarging and brightening them. A sail-powered telescope parked at this distance would view remote objects, such as the stars swirling around the center of our galaxy, with unprecedented clarity.

Then comes the final frontier. Garner and other researchers envision a day when a sailcraft will travel to another star. That will require a sail 1 km on a side having a density of 0.1 g/m2. Even so, an artificial source of radiation—a powerful laser or a source of microwaves—will need to assist.

In one scenario suggested a decade ago by Robert L. Forward of Forward Unlimited in Clinton, Wash., the craft would rely on a light source that has yet to be built—an Earth-orbiting laser as powerful as six suns—and a focusing lens the size of Texas positioned between the orbits of Saturn and Neptune. The craft could fly through space at one-tenth the speed of light. At that rate, it would reach Alpha Centauri, the nearest star, in a few decades, notes Garner.

“For us, making the laser is hard, making the lens is hard, but that doesn’t mean that in 25, 20, 40, or 50 years in the future it will be hard,” he says. “I really have come to the conclusion that people are just incredibly smart and that it is just impossible to predict what can or cannot be done.”

Upon arrival at Alpha Centauri, the sailcraft would continue its flight. This time, however, the light propelling the spacecraft would come from a star other than our own.          
n

Sail by design

“Their ship was a kind of sphere with a shell—the sail—made of amazingly thin material, and it would move through space, just pushed by the pressure of light beams.”


                                       —The Planet of the Apes, by Pierre Boulle (1963, Vanguard)

Essentially a giant mirror in space, a solar sail needs to be as thin and lightweight as possible. On the ground, researchers have tested sails made of Mylar, a clear plastic, coated with aluminum. Though inexpensive and readily available in sections as thin as half a micrometer (µm)—a few hundred atoms thick—Mylar has one key drawback, notes Charles E. Garner of NASA’s Jet Propulsion Laboratory (JPL) in Pasadena, Calif. Mylar is easily degraded by the sun’s ultraviolet radiation. 

That’s a critical problem because sail missions will typically venture closer to the sun than Mercury’s orbit in order to maximize the acceleration they receive from sunlight. At their closest approach, one-quarter of the distance between the sun and Earth, solar radiation is 16 times as intense as on Earth.  

Another type of backing, Kapton, can withstand ultraviolet radiation but isn’t available in layers much thinner than 8 µm. A solar sail made of Kapton would have a density of 12 grams per square meter, acceptable for the Geostorms mission but too heavy for a sail mission to the solar system’s edge.

Scientists at JPL and private companies are experimenting with a backing made from a meshwork of interlocking carbon fibers. This porous structure would provide a stiff but extremely lightweight support for the sail coating. In addition, carbon is relatively impervious to solar-radiation damage.

To deploy a sail, a ship must have a mast and a way to support the mast—typically, a boom. In some models, the booms are made of material that becomes rigid as it inflates. Even after removing the inflating gas, the material maintains its support.

Another type of sail doesn’t need a boom to maintain its shape. Instead of having a rigid support, the sail is set spinning, and centrifugal force keeps it taut. A spinning sail is highly stable, but it’s difficult to change its tilt. It’s best for missions such as the Interstellar Probe, which requires little steering as it makes a beeline for the edge of the solar system. 

A team led by Red Whittaker of Carnegie Mellon University in Pittsburgh is designing a variation on the spinning sail. Their whirling sail, known as a heliogyro, resembles the four blades of a helicopter and can be easily steered.

In the earliest designs of sailcraft, notes Peter B. Ulrich, NASA’s director of the advanced technology and mission studies division in Washington, D.C.,  the sail was merely a propulsion element, separate from the rest of the spacecraft and its science instruments. With recent advances in microelectronics and microcomputing, the sail can become a complete package. “The view of the spacecraft of the future isn’t necessarily something like the Starship Enterprise. It’s a structure in which the sail itself and its rigidized membrane contain the microcomputers [and other miniaturized instruments] necessary for the mission.”                       —R.C.

Depiction of a solar sailcraft rendezvous with a comet.

Drawing of the Interstellar Probe, a sailcraft that would venture to the edge of the solar system.

By tilting its solar sail, a sailcraft could move in different directions.

Biology

When sharks just open wide and say yum

Basking sharks may not be living on the knife-edge of starvation after all.

Watching sharks and modeling their energy use has convinced David W. Sims of the University of Aberdeen in Scotland that the animals get by quite well with less than half the prey density that researchers believed sharks need. In the July 22 Proceedings of the Royal Society of London B, Sims releases more results of an ongoing project that’s challenging 40 years’ thinking about sharks.

Basking sharks feed by stretching open their jaws and barreling through clouds of little water creatures such as copepods. Bristle-like rakers near the sharks’ gills filter out the good stuff. The method may yield a decent dinner, but it’s hardly an efficient way to swim. Old calculations suggested that the sharks need a food density of at least 1.4 grams per cubic meter (g/m3).

However, Sims found that basking sharks in the English Channel routinely dined until food patches thinned out to 0.5 to 0.6 g/m3. Those numbers agree with conclusions from a feeding model that Sims updated to include such factors as modern measurements of shark metabolism and swimming. 

The numbers undermine the old theory that skimpy prey drives the sharks into hibernation, Sims says. He doubts that they hibernate at all.                                                                 —S.M.  

Skunk cabbage has on-off heat switch

New measurements show that the skunk cabbage bloom has a thermostat that turns flower-power heat on and off depending on air temperature.

In North American woodlands, the eastern skunk cabbage’s hollow, brown, teardrop-shape blooms poke out of the ground in winter and can give off enough heat to melt snow. The spike of tiny flowers inside each cavity heats up to between 16° and 24°C, report Roger S. Seymour and Amy J. Blaylock of the University of Adelaide in Australia.

They hitched monitoring devices to Canadian skunk cabbage blooms and discovered that when temperatures dropped too low, the plants gave up. Below 3°C, many of the blooms’ heaters shut down, but they switched on again when the air warmed up. 

A relative of the skunk cabbage, the dragon lily, also turns on  built-in heaters in its blooms. Seymour and Paul Schultze-Motel, also at Adelaide, monitored these flowers in hopes of figuring out how heat benefits the plant. 

One heater is a long black spike that emerges from the flower and releases a putrid odor to lure pollinating insects. The other warms a flower chamber that traps insects overnight. The plant keeps the chamber around 20°C, which is up to 12°C above the air temperature, enabling insects to stay active during their captivity.

The researchers presented both reports at the 16th International Botanical Congress in St. Louis. The skunk cabbage results will be published in the Journal of Experimental Botany.        —S.M.

A basking shark’s life may not be so tough after all.

Twirl Those Organs 

into Place

Getting to the heart of how a heart knows left from right

By JOHN TRAVIS

The ambulance brakes to a hard stop outside the doors of the emergency room, and paramedics rush to transfer a child critically injured in an auto accident. As the physicians struggle to stop internal bleeding, an X ray reveals a surprise. The liver and spleen aren’t where the textbooks say they should be. Each is on the wrong side of the body.

That’s one of the dramatic moments in an episode of ER, the nation’s most popular television show. The bizarre plotline draws from reality. As many as 1 in 8,500 people have the normal left-right placement of their organs flip-flopped. By itself, this condition, called  situs inversus, rarely poses any medical problems.

Nonetheless, the oddity shines light on the issue of how a growing embryo, which starts as a simple ball of cells with no asymmetries, learns its left from its right. How does the body shift the heart toward the left side of the chest, while its aorta loops to the right? What mechanism gives three lobes to the right lung, while the left has only two, apparently offering more room for the heart?

As the ER episode dramatically illustrates, such asymmetry persists farther down the body: The stomach and spleen normally fill the left side of the abdominal cavity, the liver and gall bladder the right, and the intestines run from right to left.

Over the past several years, developmental biologists have begun to address the origin of left-right asymmetry. Through studies of chick, frog, and mouse embryos, they’ve found a handful of genes that are more active on one side or the other of the early embryo (SN: 7/26/97, p. 56).

Yet scientists believe that the asymmetric expression of those genes merely reflects an earlier event in which the embryo began to distinguish left and right. That original break in symmetry is what investigators are eager to understand.

Some of them have speculated that an embryo derives its first knowledge of left and right from an asymmetrically shaped molecule that lines up along the embryo’s other two axes, the head-tail axis and the back-front axis. Imagine placing an F-shaped molecule on your chest. As long as it is positioned consistently in regard to the other two axes, the arms of the F will distinguish between the left and right sides of your body.

Several studies of mutant mice, along with a dose of medical history, now offer a seemingly different explanation: In a key part of the embryo, the twirling of cilia, hairlike extensions on cells, may generate a one-way flow of molecules that ultimately lets the developing organism tell its left and right sides apart. 

“It’s an incredibly appealing model,” says Cliff Tabin of Harvard Medical School in Boston, who studies left-right asymmetry in chick embryos.

Ambiguous connections between cilia motion and internal organs have intrigued scientists for more than 2 decades. Consider the case of the not-so-identical twins. Last year, Peadar G. Noone, a pulmonologist at the University of North Carolina (UNC) at Chapel Hill, examined two sisters who were identical twins, as confirmed by DNA tests. Yet, as chest X rays made clear, “one had normal-placed organs, and the other had mirror-image organs,” says Noone.

If the two women have an identical set of genes, including presumably the same mutations, what accounts for such a dramatic difference? A possible clue rests in the reason Noone and his colleagues were seeing the twins. Both women suffer from chronic middle ear, sinus, and lung problems, which the physicians finally attributed to a condition called primary ciliary dyskinesia.

Many tissues in the body sport cilia, most of which whip back and forth. The constant beating of such cilia in ears and the respiratory tract normally plays a crucial role in clearing mucous and infectious organisms. In the twins, however, these cilia were motionless. Noone concluded that having defective cilia had somehow thwarted the mechanism by which the body guarantees the normal placement of organs.

Since the 1930s, physicians have recognized that people plagued by sinus and respiratory tract problems are more likely to experience situs inversus. It wasn’t until 1976, however, that a researcher put forth cilia as an explanation.

That year, Bjšrn A. Afzelius of Stockholm University published a description of four infertile men. Afzelius had noticed that the men’s sperm had defective flagella, the whiplike tails that are essentially modified cilia. Without working flagella, the sperm couldn’t move. Three of the men also complained of chronic sinus and respiratory problems, suffering frequently from colds, ear infections, and pneumonia. 

When Afzelius examined tissue from the bronchial tubes of one of the men, he didn’t see any beating of the cilia. In fact, the cilia looked abnormally dense and lacked structures called dynein arms that normally allow the cilia to move.

Afzelius concluded that the men’s problems stemmed from an inability of various cilia to move. He also noticed that three of the men had situs inversus, and he hypothesized that other immotile cilia were also responsible for that oddity.

“I postulate that cilia on the embryonic epithelia have a certain position and a fixed beat direction (in normal embryos), and that their beating somehow is instrumental in determining the visceral situs [the placement of organs],” Afzelius wrote in Science in 1976.

Afzelius’ theory languished in obscurity for the next 2 decades, largely because scientists could find no evidence of motile cilia in embryos at the time they learned left from right. But in 1994, Kathleen Sulik of UNC-Chapel Hill and her colleagues found moving cilia on cells in the node, a small region of the early embryo known to help determine the overall body plan of an animal. 

Another group failed to see such movement, however, prompting most researchers to attribute the motion seen by Sulik’s team to random currents in the medium bathing the cells. “We sort of backed off and thought we were stupid,” laughs Sulik.

Other aspects of the nodal cilia also encouraged the belief that they were unlikely to move. Unlike the beating cilia of adult tissues, which have a so-called 9+2 structure (a circle of nine rods surrounding two center rods), the nodal cilia lack the two central shafts. Such 9+0 cilia have never displayed motility in adult tissues. “We’ve literally looked for hundreds and hundreds of hours, using time-lapse video, and they don’t move at all,” says Samuel S. Bowser of the Wadsworth Center in Albany, N.Y.

Still, the node appeared to offer an excellent location for the embryo to learn left from right. In the past few years, scientists have found that some of the earliest left-right asymmetries in mouse gene expression occur in the node.

Late last year, a research group led by Nobutaka Hirokawa of the University of Tokyo offered evidence that Sulik and her colleagues shouldn’t have doubted themselves. The Japanese scientists reported in the Dec. 11, 1998, Cell that the nodal cilia of mouse embryos do  move, although not in a back-and-forth manner. Movies taken through a powerful microscope revealed that the cilia twirl in a counter-clockwise rotation.

“I was very surprised when I read that report,” says Bowser.

Hirokawa’s team stumbled across the unexpected finding when they created a strain of mice with a mutation in the gene for a protein that helps move molecular cargo along cellular filaments called microtubules. The mutant mice experience a variety of development abnormalities and die before birth. What caught the scientists’ attention, however, was that the normal left-right asymmetry of the fetal heart was frequently perturbed.

Following up on that finding, the researchers discovered that the nodes in their mutant mice had no cilia at all. That led them to closely examine the cilia in normal mice and discover the circular motion. By placing buoyant, fluorescent beads in the liquid within which they study nodal cells, Hirokawa and his colleagues then showed that the cilia generate a leftward current, or “nodal flow.”

While a circular motion by cilia would seem to generate equal left and right currents, the researchers speculate that the triangular shape of the node and other features of this embryonic region combine to create a one-way stream.

In addition, they suggest that this nodal flow initiates left-right asymmetry by shifting chemical signals for development to one side of the embryo. “In this model, a putative secreted factor is concentrated to the left by the nodal flow, and this then triggers the downstream signaling cascade of left-defining genes,” the investigators said.

The results from Hirokawa’s group have forced some researchers to rethink their own findings. Two years ago, collaborating groups led by S. Steven Potter of the Children’s Hospital Research Foundation in Cincinnati and Martina Brueckner of Yale University announced the discovery of a gene at the core of left-right determination in the mouse embryo (SN: 11/15/97, p. 311). 

The scientists had been studying strains of mice in which almost half the newborn rodents had situs inversus. The rodents, the scientists found, possessed a mutation in the gene for a dynein. Such proteins come in two distinct forms. One version forms the dynein arms, whose motion whips 9+2 cilia back and forth. The second acts as a motor that helps transport cargo along microtubules.

Even though the dynein that they uncovered looked like the type that move cilia, the investigators initially theorized that their dynein interacts with microtubules to define left and right. Like most other biologists, they firmly believed that the nodal cilia were immotile.

Since then, however, Potter and his colleagues have confirmed that the nodal cilia from normal mice do twirl and that this motion generates a leftward current. “It’s not an easy thing to document, but you can clearly see the cilia spinning around,” says Dorothy M. Supp of the Cincinnati Shriners Hospital, who participated in the work.

Of even more possible significance, in mice with the dynein mutation, the nodal cilia are present and appear normal but don’t move. “They’re frozen in rigor on the node cells,” Brueckner revealed in June at the Society for Developmental Biology meeting in Charlottesville, Va.

Such a finding supports the idea that the nodal flow created by cilia plays a role in defining left-right asymmetry. Presumably, an alteration of this flow in the dynein-lacking mutant mice somehow results in a random choice between normal organ placement and situs inversus.

Still, many scientists are cautious about jumping to such conclusions. “You have to be jolly careful that the change in the cilia isn’t reflecting a change in the molecule [the dynein] acting somewhere else,” notes Lewis Wolpert of the University College London.

Biologists are now examining other species, such as frogs, zebrafish, and chicks, to determine whether those animals possess nodal cilia and whether those cilia twirl. It’s still unclear whether nodal flow represents the initial break in left-right symmetry during development. “We’re going to have to figure out if this is the thing that starts the ball rolling or not,” says Joseph H. Yost of the University of Utah in Salt Lake City.

Paul Overbeek of the Baylor College of Medicine in Houston suggests that the leftward flow somehow reflects an inherent asymmetry of cilia. He notes that the cilia consistently line up along the body’s other two axes, as such a candidate should. Moreover, as a result of the way the rods are arranged in the 9+0 structure, cilia normally have a handedness, much as a spiral staircase ascends clockwise or counterclockwise. 

In chicks, however, there’s some evidence that the node reinforces an earlier origin of left-right asymmetry. Data from several groups suggest that the two sides of an embryo have different genes in action even before the node forms.

“The node is an extremely important relay station in all of this but may not be where the initial [left-right] calculation is done,” contends Mark Mercola of Harvard Medical School.

An experiment on another mouse strain may shed further light. In this strain, called inv for inverse, newborn rodents display situs inversus about 85 percent of time. This finding has prompted investigators to speculate that nodal cilia in these mice spin in reverse. 

Hirokawa has looked at the cilia in inv mice, but declines to discuss his group’s results because they’re still being reviewed for publication. If the cilia in inv mice do not spin backwards, ideas about left-right asymmetry may be thrown back into confusion.

When scientists do finally unravel how embryos learn to tell right from left, a fundamental question may still keep them awake at night. Why do normal embryos so consistently choose one orientation for their internal organs? If flipping the left and right axes causes no obvious problems, why isn’t there a 50-50 split between people with normal placement and those with situs inversus?

No one has a good answer, admits Wolpert. He suggests that settling on a consistent arrangement of internal organs is more reliable than choosing sides each time. For a growing embryo, placing its heart in the right place—on the left side—is serious business after all. 
n

A highly magnified image of the cilia (arrows) on mouse nodal cells.

People with situs inversus have their internal organs flipped left to right. The heart rests more on the person’s right instead of left, and its aorta loops left instead of right. The lung with three lobes, normally on the right, is on the left. The liver and spleen also switch sides.

Chemistry

Medicinal waters: Where ibuprofen goes

Last year, when Swiss chemists were looking for pesticide residues in lakes, they instead turned up the heart drug clofibric acid (SN: 3/21/98, p. 187). Several months later, they identified another pharmaceutical in Swiss rivers and lakes: diclofenac, an anti-inflammatory drug. In both cases, human urine appeared to be the source of the water-polluting drugs. 

Mulling over their findings, Hans-Rudolf Buser and his colleagues at the Swiss Federal Research Station in WŠdenswil became curious. Why weren’t they also finding ibuprofen, a much more common anti-inflammatory drug? 

In the August 1 Environmental Science & Technology, these chemists report finding a critical difference in the environmental fates of the three drugs. While clofibric acid and diclofenac pass through municipal water-treatment facilities unscathed, ibuprofen doesn’t. In Switzerland, wastewater-treatment plants “seem to get rid of maybe 95 percent or so” of the ibuprofen, Buser says. That’s important, he notes, because unlike diclofenac, ibuprofen appears resistant to photolysis, or breakdown upon exposure to sunlight. Clofibric acid also resists photolysis, which is why it can be found entering the ocean up to thousands of miles from its source.

Buser’s group also showed that the waterborne ibuprofen is from human excretion, not direct dumping. Manufacturing produces two mirror-image versions of the ibuprofen molecule. Although only the left-handed molecule is pharmacologically active, Buser notes, the marketed drug contains a mix of both the left- and right-handed forms. His team now reports finding only the left-handed ibuprofen, together with products that form through the body’s action on the drug, in water entering wastewater-treatment plants. Because the right-handed form is altered in the body, this means that the ibuprofen had passed through people. Fortunately, he says, waste-treatment plants degraded the two forms and their by-products equally well.                                                                                                       —J.R.

Wild spurges make risky houseplants 

Euphorbiaceae is one of botany’s bigger families. Its 8,000 or so distinct species—known generically as spurges—produce a milky latex sap that oozes from cuts on leaves or stems. The fact that this latex usually contains allergy-inducing toxins hasn’t stopped aficionados from cultivating scores of spurges as ornamental houseplants. Among the most popular are poinsettias, crotons, and crown-of-thorns. 

Now, German biochemists offer more reason to handle spurges with care. Their latex, which easily penetrates skin, can contain ingenol—a potent tumor-promoting chemical.  If someone who has been exposed to carcinogens, such as a smoker, touches this latex, “it might accelerate a tumor’s development,” worries Heinrich Sandermann Jr. of the GSF-National Research Center for Environment and Health in Oberschleissheim. 

To gauge the risk faced by people who work with spurges, his team screened 22 houseplant cultivars using animal cells engineered to emulate precancerous cells and also to glow when they undergo a cancerlike transformation. 

Twenty cultivars, including eight crotons and seven poinsettias, exhibited virtually no cancer-promoting activity, the scientists report in the September Environmental Health Perspectives. Two relatively wild spurges, however, triggered plenty of glow. The good news, Sandermann says, is that the most common spurges “appear to pose little risk.”                                          —J.R.

Biology

Tea time for T cells

Immunologists have a mystery on their hands. Immune cells called T cells circulate in the human bloodstream, but the roles of a portion of the cells, so-called gamma-delta T cells, remain murky. In the July Immunity, scientists now report that these T cells respond to substances secreted by bacteria, as well as to molecules found in tea, wine, apples, and other edible plants. 

“They recognize molecular structures that occur in bacteria and in plants that we eat every day,” says study author Jack F. Bukowski of Brigham and Women’s Hospital and Harvard Medical School, both in Boston.

Gamma-delta T cells make up nearly 5 percent of circulating T cells. Their distinguishing characteristic is that their receptors, surface proteins that bind to molecules and trigger the cells into action, consist of small proteins called gamma and delta chains, instead of the more common alpha and beta chains.

Studies of gamma-delta cells in mice suggest that these T cells fight off bacteria, such as those that cause tuberculosis, as well as viruses, but it has been unclear what those results mean for people. “The molecular structures recognized by human gamma-delta cells are much different than those recognized by the mouse cells. You can’t necessarily extrapolate from mice to humans,” says Bukowski.

He and his colleagues now report that human gamma-delta T cells proliferate and release an immune signal called  interleukin 2 when they’re exposed to alkylamines, a class of molecules secreted by bacteria. Alkylamines from green and black tea, red and white wine, and apples also stimulate the T cells. As a result, the investigators have just launched a study in people to examine whether drinking tea stimulates the activity of the gamma-delta T cells and bolsters overall immunity.     —J.T.

A BlySful way to stimulate B cells

To help fight off infection, the human body depends on antibody-making factories called B cells. In the July 9 Science, scientists describe a natural human protein, named B lymphocyte stimulator or BlyS, that triggers the proliferation of these crucial factories of the immune system.

Paul A. Moore of Human Genome Sciences in Rockville, Md., and his colleagues found BlyS after sifting through the genes active in immune cells called monocytes. They found that one of the genes encodes a protein that, when given to mice, triggers B cell proliferation and boosts antibody production. Monocytes were known to regulate B cells, but this finding is the first indication of how the two cell types interact.

The investigators predict that BlyS will one day help people with weakened immune systems, such as AIDS patients. Also, since vaccines often depend on stimulating significant antibody production, BlyS might be combined with immunization shots, the scientists suggest. Human Genome Sciences may face a patent battle over BlyS: A group at the University of Lausanne in Switzerland recently reported on a seemingly identical protein that also stimulates B cell proliferation.             —J.T.

Patently unpatentable

The U.S Patent and Trademark Office has rejected an application for a broad patent on the creation of human-animal chimeras. Last year, cell biologist Stuart A. Newman of New York Medical College in Valhalla and biotech critic Jeremy Rifkin of the Foundation on Economic Trends in Washington, D.C., filed for the patent (SN: 5/9/98, p. 299). They hoped to ignite a public debate on the patenting of life-forms and, if the patent was granted, block the creation of such chimeras. 

Their patent was rejected because a chimera “includes within its scope a human being,” and people are not patentable, according to the patent agency. Newman and Rifkin plan to appeal the ruling to the U.S. Supreme Court if necessary.      —J.T.

Materials Science

Pillars of the thin-film community

For a computer chip to have a chance of working properly, the thin layers of materials that make up the chip must be perfectly crystalline and flat. Now, however, researchers are making thin films with unusual microstructures that could have a host of other applications, such as sensors, magnetic recording media, or flat-panel displays. Two recent studies describe ways to create films with a microstructure reminiscent of trees growing in a forest. 

At the University of Toronto, a team of scientists has succeeded in planting a forest of carbon nanotubes on an aluminum foundation. The technique not only allows the nanotubes to grow in a regular arrangement but is also “a way of mass-producing nanotubes of the diameter that you want,” says study coauthor Jimmy Xu, soon to be at Brown University in Providence, R.I.

Xu and his colleagues etch an array of tiny holes into a thin piece of aluminum. Inside each hole, they deposit a cobalt catalyst. When the template is exposed to an acetylene vapor at 650°C, carbon nanotubes, about 47 nanometers in diameter, grow out of the holes. They can reach heights of up to 100 micrometers, Xu says. 

Researchers commonly make nanotubes by coursing electricity through a rod of solid carbon, which then throws off soot containing carbon molecules of many shapes and sizes. Bundles of nanotubes produced this way must be chemically separated, sorted by size, and manipulated. “That’s a pain,” Xu notes. Nanotubes produced with the Toronto group’s technique, by contrast, are already pure, uniform in size, and untangled. He and his colleagues report their finding in the July 19 Applied Physics Letters.

Since carbon nanotubes can emit electrons from their tips, scientists are tapping them for flat-panel television and computer screens (SN: 9/16/95, p. 183). Today’s flat-panel technology uses crystalline semiconductors that can’t be bent easily. Xu says that his nanotube film can be deposited on curved surfaces to make flexible displays.

Michael J. Brett of the University of Alberta in Edmonton and his colleagues take another route to growing films thickly populated with tiny pillars. Their trick is to rotate the foundation while bombarding it with atoms at a very shallow angle. Once a pillar begins to grow at some location, it shadows an area around it, preventing atoms from sticking. Depending on how fast they rotate the foundation, the researchers can create posts that are straight and smooth, twisty like a spring, or something in between. They describe their technique in the July Journal of Materials Research.

Scientists developing better magnetic storage media are “considering having individual pillars as recording bits. That might allow greater density,” Brett says. “The standard way is to make a film, then etch away the parts you don’t want, leaving pillars. Maybe we have a simple process to make the pillars in just one step.”               —C.W.

Carbon nanotubes grow out of an aluminum film.

Pillars of magnesium fluoride take on a corkscrew shape.

