Books

The Importance of Being Fuzzy: And Other Insights From the Border Between Math and Computers—Arturo Sangalli. Emerging “intelligent” soft computing systems based on fuzzy logic, neural networks, and genetic algorithms diverge from the precise nature of mathematics. But mathematics is the neglected “soul” of computers. Modern computer science challenges mathematical thinking to include “maybe” rather than just “yes” and “no.” Sangalli does some “soul” searching to reveal this mathematical revolution. Practical technological advances based on computer-influenced mathematics range from better medical diagnosis to forecasting-currency exchange rates. Such examples of modern problem solving interlace Sangalli’s discussion of the limits of classical computing. Princeton U Pr, 1998, 173 p., hardcover, $24.95. 

Lamarck’s Signature: How Retrogenes Are Changing Darwin’s Natural Selection Paradigm—Edward J. Steele, Robyn A. Lindley, and Robert V. Blanden. According to these molecular biologists, 19th-century biologist Jean Lamarck is once again in vogue. Lamarck asserted that acquired characteristics resulting from environmental factors could be transmitted to future gene.......rations. This viewpoint prevailed for 50 years until Charles Darwin’s vision of natural selection eclipsed it. Modern advances in DNA sequencing and other aspects of molecular biology reveal that certain acquired structures of the immune system may be transferred from parent to child, defying commonly held evolutionary beliefs. Steele, Lindley, and Blanden detail this emerging view of the genetic evolution of the immune system. Perseus Bks, 1998, 286 p., illus., hardcover, $25.00.

My Brain Is Open: The Mathematical Journeys of Paul Erdos—Bruce Schechter. Paul Erdos was the stereotypic mad genius. Virtually incapable of caring for himself, he would appear on the doorsteps of his peers around the world seeking shelter. Each one welcomed him warmly for the chance to bond with the greatest mathematical mind of the 20th century. Erdos was the most prolific and one of the most important mathematicians ever to live. The elegance of his proofs reflected his true love of numbers. Schechter reveals the breadth of Erdos’ mathematical acumen regardless of his eccentricities. Erdos, a Jew with radical political beliefs, was aloof, but he still faced the persecution prevalent during the mid-1900s. S&S, 1998, 224 p., hardcover, $25.00. 

The Patent Files: Dispatch-

es from the Frontiers of Invention—David Lindsay. The Greenhouse Helmet—a hat with live plants on top intended to be an all-natural air purifier for the wearer—is patented. So is Electric Smoking, a supposedly harmless method of partaking in the vice. In a regular column for the New York Press devoted to the U.S. Patent Office, Lindsay unearthed these gems and more. This quirky sampling of his essays encompasses the inner workings of the U.S. Patent Office and interviews with inventors soliciting the agency. Lyons, 1999, 232 p., hardcover, $22.95. 

Pompeii: Public and Private Life—Paul Zanker. When Mt. Vesuvius erupted in 79 A.D., Pompeii had been an established city for more than 200 years. The amazing preservative effects of the lava and ash that spewed from the volcano captured more than a day in the life of Pompeians. It preserved an ancient civilization. Now, researchers are turning their attention from the city’s art and architecture to the residences and meeting places within the city. These remains beautifully reveal the cultural history of this quite sophisticated place. Advances in understanding the culture of generations of people are documented here with many photos and illustrations of the remains. HUP, 1998, 251 p., color plates/b&w photos/illus., paperback, $22.95.

Space and the American Imagination—Howard E. McCurdy. The desire to conquer new frontiers has characterized human cultures since prehistoric times. However, the move to explore the final frontier—space—was inspired by a unique set of circumstances, according to McCurdy. He points to the Cold War, with its underlying belief that control of space meant control of Earth, as the impetus for the space program. This triggered the involvement of governments and piqued the public’s imagination. This entertaining analysis of public policy provides an assessment of our expectations of space exploration versus its achievements. Originally published in hardcover in 1997. Smithsonian Bks, 1999, 294 p., b&w photos, paperback, $17.95.  

Your Mental Health: A Layman’s Guide to the Psychiatrist’s Bible—Allen Frances and Michael B. First. The Diagnostic and Statistical Manual of Mental Disorders, published by the American Psychiatric Association, is generally regarded as the standard reference for mental health clinicians. Two physicians integral to its composition reduce the clinical text to common prose useful for patients. Beginning with 20 questions that constitute a diagnostic screening and encompass most psychiatric symptoms, Frances and First systematically address the diagnoses indicated by the reader’s answers. After carefully outlining the conditions, the authors offer advice for seeking treatment. Scribner, 1998, 445 p., hardcover, $27.50.

Letters

Misery is no mystery

An article headed “Cancer tests can heighten anxiety” (SN: 11/14/98, p. 316) included this sentence: “More puzzling, among the women in the study who were due for an annual mammogram, only 14 of the 36 who tested positive for the mutations obtained one, a follow-up study showed.”

I’m not puzzled, perhaps because I have survived breast cancer and coped with cancer treatment. Having a mammogram (awkward itself) and waiting for the report may mean judging treatment options, having a biopsy under general anesthesia, having tissue excised, undergoing chemotherapy, receiving radiation treatments, and starting a course of treatment that one will not survive.

So until treatment can be experienced as effective and safe, patients will put off the step we do have control over: diagnosis.


Anne Fuller


Juneau, Alaska

Check your oil?

The article “High-fat and healthful” (SN: 11/21/98, p. 328) is interesting to me because I must hold down the fat content of my diet because of genetic heart disease. Presumably, the nuts and their oils in the experimental diets were not processed nor had additional saturated fat.

I have found in my shopping that many brands of nuts have significant amounts of saturated fats. It seems appropriate to warn readers that reading food labels is a necessary part of achieving a healthy diet, particularly in regard to nuts.


Jerome J. Morrow


Grand Junction, Colo.

“High-fat and healthful” describes experiments demonstrating the extraordinary blood-lipid benefits of a diet rich in nuts. Since the article fails to mention preparation of the nuts, I presume they were roasted, as usual. Yet, health enthusiasts urge that nuts be eaten raw, claiming that roasting greatly deteriorates their beneficial quality. Raw hazelnuts and almonds don’t taste good to me. Please tell me if I can eat nuts roasted.

 
Earl Callen


Chevy Chase, Md.

Yes, they can be roasted. 
—J. Raloff

Elementary, my ear, Watson 

I was reading with interest your Nov. 14, 1998, issue and had to laugh when, in “Pollen for the prosecution” (p. 316), you state, “Sherlock Holmes would be proud.” If you had just applied the same quote to the article above it, “The brain gets a (new) earful,” you would have scored an A+ with scholars of Holmesian trivia. If you revisit “The Case of the Cardboard Box,” you will find Holmes expostulating to an incredulous Watson that the human ear is as individual as a fingerprint. From that deduction, he solves the case. Funny how Holmes, make that Arthur Conan Doyle, seemed to know this information years before his fellow scholars.


Jim Smith


Raleigh, N.C.

Send communications to:

Editor, Science News
1719 N Street, N.W.

Washington, D.C. 20036

or scinews@sciserv.org

All letters subject to editing.

S Shape May Help Predict Solar Storms

Space scientists are calling it the other Y2K problem.

Sometime next year, the sun is expected to reach the peak of its 11-year activity cycle. For the next several years, this volatile cauldron of gas will have more frequent temper tantrums than usual. As the sun continues to rage, it will hurl more magnetized clouds of electrically charged gas into space.

Some of these solar storms, known as coronal mass ejections, may wreak havoc if they plow into the magnetic cocoon surrounding Earth. The blobs of solar material sometimes induce large electric currents on Earth, harming satellites and knocking out power grids (SN: 3/6/99, p. 150). Researchers reported this week that they have uncovered an important clue that may help them predict many of these storms hours to days before the sun spews them out. Once it erupts, an outburst takes about 4 days to reach Earth.

After analyzing daily X-ray images taken over 2 years by a Japanese-U.S.-British satellite called Yohkoh, Richard C. Canfield of Montana State University in Bozeman and his collaborators found that S marks the spot. Within active regions on the sun—places that show intense magnetic activity—those areas that exhibit an S-shaped pattern in their X-ray emissions are the ones most likely to erupt.

“We’ve found that the S-shaped regions are the dangerous ones,” he says. 

Found in the sun’s outer atmosphere, or corona, the S’s are believed to trace the tightly twisted, helical magnetic fields that power many solar outbursts.

The new study follows up on a 1998 report by Hugh S. Hudson, based at the Institute of Space and Astronautical Science in Sagamihara, Japan, and Alphonse Sterling of Computational Physics in Fairfax, Va. They found indications that some coronal mass ejections correlate with an S pattern. The new analysis puts that preliminary finding on a surer statistical footing, Canfield notes. 

He announced the findings at a NASA press briefing in Washington, D.C. Canfield, Hudson, and David E. McKenzie of Montana State also describe their results in the March 15 Geophysical Research Letters.

Planetary scientists do not yet know how soon after the appearance of an S pattern an active region will erupt. Moreover, the S shape does not indicate the speed and direction of a coronal mass ejection or the orientation of its magnetic field. Such information is critical for forecasting which of the many solar eruptions could pose a danger to our planet (SN: 2/1/97, p. 68). 

Nonetheless, the new findings “are a harbinger of great things to come,” says Ernest Hildner, director of the National Oceanic and Atmospheric Administration’s Space Environment Center (SEC) in Boulder, Colo. “This is a potential milestone,” says his SEC colleague Joseph Hirman.

Hildner says that he’s excited about the results because computers can be trained to recognize the S pattern in solar images and to track regions that show the telltale shape. A successor to Yohkoh’s instruments, a device installed on a weather satellite scheduled for launch in 2001, will generate an X-ray image of the sun every minute, he notes. Scanning the multitude of pictures for an S pattern could prove invaluable for forecasting geomagnetic storms, Hildner says.

Canfield notes that not all coronal mass ejections are associated with the S pattern, and J.T. Gosling of the Los Ala-mos (N.M.) National Laboratory points out that not all outbursts come from active regions. Canfield and his team “have a decent result, but we’ve not completely understood what produces coronal mass ejections, by a long shot,” says Gosling. 
—R. Cowen

S-shaped pattern in the sun’s corona.

Enzyme disables excess amino acid

Phenylalanine, an amino acid that is essential to the body, requires precise control. Children who get too little phenylalanine in their diet fail to grow properly. Retaining too much can cause brain damage. Most people can dispose of any surplus phenylalanine, but those with a genetic disorder called phenylketonuria (PKU) lack the enzyme that breaks down the excess. 

Scientists have now engineered bacteria to produce an enzyme that might replace the one PKU patients lack. In the March 2 Proceedings of the National Academy of Sciences, researchers report that injections of the enzyme reduced blood concentrations of phenylalanine by roughly half in a dozen mice unable to break down the amino acid. The scientists then achieved similar results by giving the mice the substitute enzyme in food, says study coauthor Charles R. Scriver, a geneticist and pediatrician at Montreal Children’s Hospital and McGill University.

A half century ago, scientists were thrilled to discover that the neurological risks of PKU could be avoided if children adhered to a diet devoid of meat, fish, dairy products, breads, nuts, and many other foods. Maintaining such a diet is difficult, however, and PKU children also must consume an unpleasant-tasting food additive to get adequate protein. 

To develop an alternative approach, the scientists added a yeast gene to Escherichia coli bacteria. The E. coli then manufactured an enzyme that breaks down phenylalanine in a simpler manner than the process directed by its human counterpart.

“How to move forward with clinical development of the enzyme is still a question,” says study coauthor Robert Heft, a molecular biologist and president of IBEX Technologies in Montreal. “The mice data predict a dose which would be too high in humans to be commercially feasible.” The researchers also don’t know whether effective concentrations of the enzyme could have harmful side effects, he says. 

Moreover, the substitute enzyme “might be seen by the human body as a foreign body . . . and might induce immunoreactivity,” says Harvey L. Levy  of Children’s Hospital in Boston.

The genetic disorder affects roughly 1 in 12,000 babies born in North America. For 35 years, U.S. newborns have been screened for PKU. Those with the enzyme deficiency are put on the special diet. Once PKU patients reach adolescence, some go off the diet with few ill effects, Scriver says. However, some adults with PKU begin to lose the ability to concentrate well, have trouble planning, and may even show short-term memory loss, he adds.                                       —N. Seppa

Neutrinos to buckyballs: 10 talents tower

America’s oldest precollege science-scholarship contest has chosen the youngest first-place winner in its 58-year history. 

Natalia Toro, 14, of Boulder, Colo., took top honors in the Intel Science Talent Search with a theoretical study of subatomic particles called neutrinos. Her project taps into one of the hottest topics in physics (SN: 1/30/99, p. 76). Toro is the first young woman since 1995 to win the premier award, this year a $50,000 scholarship.

Beaming and gripping the prize plaque, Toro seemed stunned by her selection at a March 8 ceremony. It came after a round of speeches and naming of runners-up, during which her hopes had flagged. “I was standing, thinking, ‘It doesn’t really matter,’” she recalls. “I just can’t really believe it.”

Toro used equations from quantum mechanics to derive results indicating that neutrinos swap identities. Her predictions agree with data obtained by physicists using a sophisticated detector.

The strong showing of quantum mechanics research carried into second place. David C. Moore of Potomac, Md., invoked quantum mechanics to model ultrasmall electronic switches made from molecules and determine their most effective structure. Moore is an Eagle Scout and competitive runner who also manages his school’s computer network. He received a $40,000 scholarship.

Keith J. Winstein of Oak Park, Ill., placed third for some masterful digital sleight-of-hand. He researched ways to embed information imperceptibly into a stream of computer data, winning a $30,000 scholarship. A lover of music as well as computer science, Winstein cofounded a computing association and a jazz choir.

Carol A. Fassbinder of Elgin, Iowa, the fourth-place winner, investigated a potential new chemical control for a mite that threatens her family’s honeybees and those of beekeepers across the nation. A patent on the compound is in the works.

Mathematics projects secured fifth and sixth places for Rio G. Bennin of Berkeley, Calif., and Lisa B. Schwartz of Roslyn, N.Y., respectively. Bennin developed a method of dividing a geometric figure such as a triangle into two equal parts. He has also twice won a national math competition. Schwartz explored patterns in two-way sequences of positive integers. She also edits two school publications.

The fourth- through sixth-place winners each received a $20,000 scholarship. 

Capturing seventh place, Scott A. Fruhan of  West Newton, Mass., found evidence that immune cells in multiple sclerosis patients attack a person’s body with inflammatory hormones. Looking skyward, Kurt E. Mitman of McLean, Va., studied mysterious, fleeting blasts of energy from space known as gamma ray bursts. The eighth-place winner has submitted for publication a scientific paper he coauthored on the same topic.

Saddened that her ailing grandmother forgot her granddaughter’s name, Diana Townsend-Butterworth of New York City sought a link between Alzheimer’s disease and the heavy metal cadmium, work recognized by the ninth-place award. In 10th place, Alexander Wissner-Gross of New Hyde Park, N.Y., simulated the use 

of soccer-ball-shaped molecules, called buckyballs, for making minuscule electronic circuits. 

Scholarships worth $15,000 went to the seventh- through 10th-place winners. Each of the remaining 30 finalists of the 1,470 entrants (SN: 1/30/99, p. 71) received a $3,000 scholarship. 

All 40 finalists have bright prospects, says J. Richard Gott, a Princeton University astrophysicist who chairs the judges panel. Past finalists have won five Nobel prizes and a slew of other scientific honors. “If you are a baseball scout, you go out and watch people play baseball. We’re testing what [students] actually do as scientists,” he says.

The ceremony culminated 6 days full of judging and science activities. “This past week could be described as nothing short of amazing,” said Cullen Blake, a student from Glenmont, N.Y., who was selected by his peers for an award in tribute to the recently deceased Glenn T. Seaborg (SN: 3/6/99, p. 147). The Nobel-laureate chemist judged and promoted the contest for 40 years.    
         —P. Weiss

Natalia Toro describes her winning research.

Motor cortex helps drive serial memory

In the brain, storing knowledge about the order of previously viewed information may make for a moving experience. A part of the brain’s outer layer thought by many researchers only to control muscle movements also helps to discern sequence information in the absence of any bodily activity, a new study finds.

Memory of serial order facilitates many tasks, from dialing telephone numbers to inferring the meaning of what someone says in a conversation.

Thought and action mingle intimately in a network of brain areas that collectively store and remember sequential information, proposes a team of neuroscientists. In the March 12 Science, they report that the motor cortex plays an influential role in that network. 

“The motor cortex is potentially involved in a number of different functions, each subserved by a different brain circuit,” contends Apostolos P. Georgopoulos of the University of Minnesota in Minneapolis. He conducted the study with Minnesota coworkers Adam F. Carpenter and Giuseppe Pellizzer.

The researchers implanted microscopic electrodes in the brains of two monkeys. These devices recorded the electrical activity of 925 neurons in each animal’s motor cortex.

While using a joystick to hold a cursor in the center of a computer screen, the monkeys saw from three to five yellow shapes presented one after the other until all the shapes were visible. One shape then changed its color to blue. To get a reward, the animals then had to move the cursor to the shape that in the initial sequence had immediately followed the blue one. 

A majority of the 925 motor neurons changed their patterns of activity as each succeeding yellow shape appeared. The cells were just as active when the monkeys simply watched the shapes appear as when the animals moved the cursor with the joystick, the researchers say.

Moreover, groups of from 2 to 16 motor neurons often generated signature activity patterns as successive shapes were presented in a trial. 

The abrupt shift of electrical activity in small populations of motor neurons as an animal goes from one item to the next in a list may assist in the process of forming a memory of serial order, Georgopoulos theorizes.

“These are exciting new findings,” remarks neuroscientist James C. Houk of Northwestern University Medical School in Chicago. “I think of the motor cortex as involved in task execution, but it may well participate in memory for serial order.”

Houk has helped to develop a model of the brain network that regulates memories for the order of sequenced information. That model features a part of the brain, the prefrontal cortex, that influences the ability to act on the basis of serial recall.

Although its precise functions remain unknown, the motor cortex may work with the prefrontal cortex to help forge serial-order memories, Houk suggests.
—B. Bower

As time goes by, mutant mice face problems

Mice lacking an important enzyme go gray and lose their hair earlier than normal, frequently develop sores as they age, and have unusually short life spans. They also suffer more tumors than normal mice do, raising questions about a much-hyped idea for treating cancer.

These age-related conditions showed up in a new long-term study of mice that have a mutation in a gene for telomerase, an enzyme that affixes protective DNA segments to ends of chromosomes. Scientists know that if this enzyme doesn’t work, the chromosomal tips, called telomeres, usually shorten whenever a cell divides, ultimately disappearing.

In 1997, Ronald A. DePinho of the Dana-Farber Cancer Institute in Boston, Carol Greider of Johns Hopkins Medical Institutions in Baltimore, and their colleagues described the development and surprisingly healthy early life of six successive generations of mice that lacked telomerase. Each generation had shorter telomeres than the previous one, and the sixth turned out infertile (SN: 10/11/97, p. 228).

Now, in the March 5 Cell, the scientists describe what happens as these mutant mice age and their telomeres shrink further in many cells. “Over the course of their 2-year lives, [the mice] walk this telomere plank into genetic instability, loss of cell viability, and so on,” says DePinho.

A few scientists have speculated that many ravages of aging result because telomeres shrink over time in mammalian cells. Yet as the telomerase-lacking mice grew older, they didn’t experience a greater-than-normal incidence of some age-related conditions, such as osteoporosis, cataracts, and atherosclerosis.

Nonetheless, telomere shortening may play a role in certain aspects of aging. In addition to premature graying and hair loss, the aging mutant mice have an increased rate of skin ulcers and are slower than normal to heal wounds—traits also common in elderly people. Moreover, when treated with blood-depleting agents, the mice have trouble recovering, an impairment resembling the difficulties that many elderly people face after chemotherapy or surgery. 

In general, says DePinho, the mutant mice resemble aged individuals in their reduced ability to respond to physiological stresses. However, young sixth-generation mutant mice did not have the same impaired stress responses as 2-year-old third-generation mice, even though the groups had telomeres of similar length. Other, still undetermined, age-related changes in cells must combine with shortened telomeres for such symptoms to emerge, says DePinho.

Third-generation telomerase-lacking mice had an unusually large incidence of cancer, and the sixth generation showed a higher rate still. The lack of telomeres triggers chromosomal fusions and other genetic abnormalities that foster tumors, concludes DePinho.

The cancer finding adds a new wrinkle to the debate about whether depriving malignant cells of telomerase will prevent them from growing. John P. Murnane of the University of California, San Francisco and other scientists had previously found that cells can maintain telomeres through a mechanism not involving telomerase. Since this mechanism seems to depend upon chromosomal rearrangements, cancer cells employing it may undergo additional mutations that make them more malignant.

“You might actually make matters worse if you knock out telomerase in a tumor because you would select for cells that use the alternate mechanism,” says Murnane.

Still, both Murnane and DePinho stress that mice sometimes poorly reflect human biology and that tests of telomerase inhibitors are warranted in people with cancer. Brief, localized use of the inhibitors may destroy or reduce the size of existing tumors without significantly increasing the risk of new cancers developing. 
—J. Travis

Chemistry diagnoses a painting’s ills

A doctor giving a lecture in anatomy points to the dissected arm of a cadaver while his pupils look on intently. The Dutch artist Rembrandt van Rijn painted this scene in 1632. Now, nearly 4 centuries later, the canvas known as “The Anatomy Lesson of Dr. Nicolaes Tulp” has itself gone under the scalpel.

New techniques developed by a team of Dutch scientists have helped art conservators in their recent restoration of this 17th-century masterpiece. By examining tiny paint chips with various spectroscopic methods, the scientists determined the chemical compositions of the paint, glaze, and varnish layers on the canvas. This information provided insight into artistic techniques and guidance to conservators deciding how to clean and repair the artwork.

“There’s a big gap in the understanding of the basic processes of aging in painted art,” says Ron M.A. Heeren of the FOM Institute for Atomic and Molecular Physics in Amsterdam. To fill that gap, researchers are working with MOLART, a Dutch project to “provide the art conservation community with tools and fundamental research capabilities,” Heeren explains. He described the group’s techniques this week at the Pittsburgh Conference in Orlando, Fla. 

“What they have done is much more fundamental chemistry than what has been done previously” in art conservation, says David Erhardt of the Smithsonian Center for Materials Research and Education in Suitland, Md.

With microscope and scalpel, the Dutch researchers remove flakes of paint about 1 millimeter across, routine practice in restoration projects. The scientists mount them in resin and polish the samples with fine aluminum oxide particles in water. By studying how the surfaces then interact with light, the scientists can explore the chemical composition of the paint chips. “The sensitivity of analytical techniques has improved so much that you don’t need large quantities of material,” Heeren says. 

Before it reached its current home in the Mauritshuis, a museum in The Hague in the Netherlands, “The Anatomy Lesson” hung for many years in the Amsterdam surgeon’s guild where Nicolaes Tulp lectured. There the painting experienced mishaps that would make any art lover cringe. It had been rained upon and dirtied by smoke from a fire, for example, says Heeren.

When conservators began examining the painting a few years ago, they noticed many holes. The scientists have now found that the white material in these microscopic craters consists of carboxylates making up a benign soap containing lead. A chemical reaction in or on the painting created this substance, but whether 

the constituents came from Rembrandt’s brush, the environment, or previous restoration efforts remains unknown. The conservators decided that the best strategy was to leave the holes alone. 

In another case, the MOLART group detected protein, confirming that Rembrandt used eggs to improve the consistency of paints. With analytical methods, Heeren says, scientists can reveal the secrets of artists from another age. 
—C. Wu

Chemical analysis helped to restore Rembrandt’s 367-year-old painting “The Anatomy Lesson of Dr. Nicolaes Tulp.”

Octopus suckers glow in the deep, dark sea

A red octopus that drifts through deep waters off the eastern United States shines in a novel way: Its suckers flash on and off. 

Finding luminescence in any of the known octopus species surprised codiscoverer Edith A. Widder of Harbor Branch Oceanographic Institution in Fort Pierce, Fla. The seas where octopods live sparkle with constellations of bioluminescent fish, squid, crustaceans, and other creatures. Yet the only octopods previously found to luminesce belong to two or three species in which females develop bright rings around their mouths just before mating.

The light organs that Widder and her colleagues describe in Stauroteuthis syrtensis lie in a single row of raised buttons stretching down each arm. The bumps look like suckers that evolved the ability to glow, the researchers suggest in the March 11 Nature. 

Such a glimpse into the evolutionary history of a bioluminescent structure holds special interest because of its rarity, notes Widder. Tracing histories of light organs has proved difficult because “there’s no fossil record for bioluminescence,” she laments. 

In 1997, Widder brought a live, foot-long specimen from the Gulf of Maine back to a lab. When the researchers turned off the lights, the suckers glowed blue-green, emitting the most light at 470 nanometers, a wavelength that travels well underwater. “It’s kind of a twinkling effect,” Widder says.

Most octopods catch fish or other decent-size prey, but this octopus, oddly enough, had been eating mostly tiny crustaceans called copepods. “It’s like a raccoon living on a diet of mosquitoes,” Widder explains. 

She saw no structures to filter copepods from the water, so she speculates that glowing suckers might lure them the way porch lights attract moths. Shallow-water copepods flock to light, but researchers know less about the deep-water counterparts. Glands around the octopus’ mouth secrete mucus, which might snag bedazzled copepods for dinner.

Widder points out that many deep-sea creatures hunt with glowing lures. Light may be attractive in part because of the nutrient bonanza of luminescent fecal matter that drifts to the depths from creatures above. The abundance of light-generating microbes in the diet of upper-ocean animals gives this fecal rain its gentle glow.

For about 100 years, scientists have recognized S. syrtensis without realizing that it glows, notes cephalopod biologist Michael Vecchione, who heads a National Marine Fisheries Service lab in Washington, D.C. Despite the earlier reports of glow-in-the-dark octopus lipstick, the new find was startling.

S. syrtensis “is in a completely different group,” Vecchione says. It swims with fins and the webbing between its arms, while the other glowing octopods motor through the sea by squirting water jets.

Richard E. Young of the University of Hawaii at Manoa in Honolulu calls Widder’s discovery “a spectacular find.” As one of the authors of a report on mouth luminescence, he’s long mused that more octopods ought to glow. The greatest hope for finding overlooked bioluminescence, he predicts, lies with the hard-to-observe, deep-water finned species. There, he says, “we haven’t looked hard enough.” 
—S. Milius

Suckers lining the arms of the deep-water octopus Stauroteuthis syrtensis can twinkle blue-green in the dark.

Breaking bonds reveals their strength

Sometimes the best way to understand something is to take it apart. Applying this principle at the molecular level, a team of German scientists has measured directly, for the first time, the strength of a single chemical bond—the kind that holds atoms together to form molecules such as proteins, sugars, and DNA. The researchers tugged on a molecule until the bond snapped.

For the nanometer-scale tug-of-war, the team selected a long, rope-like sugar molecule. The scientists anchored one end of the sugar chain to either a glass or a gold surface by means of covalent bonds, in which two atoms share electrons. They then attached the other end to the tip of a strain gauge and pulled the taut molecule until it separated from the surface.

“It’s a very simple technique,” says coauthor Michel Grandbois of the University of Munich. Until now, scientists have deduced a bond’s strength from the amount of energy needed to make or break large numbers of bonds. 

The new technique, reported in the March 12 Science, will be the basis for tables listing bond strengths in future chemistry books, predicts physicist Paul K. Hansma of the University of California, Santa Barbara. “With this fundamental understanding, there’s room for more rational improvements of materials,” he says. “It’s amazing in some sense that material scientists have gotten as far as they have in improving the strength of materials” without being able to directly mea-sure single molecular-bond strengths.

The tug-of-war relies on an atomic force microscope (SN: 10/24/98, p. 268). Like a diving board, its tiny cantilever tip responds to force. The tip deflects slightly as it pulls the stretched sugar molecule, and a laser measures this movement. When a covalent bond snaps, the sugar molecule goes slack, and the tip bounces back. 

Catching just one long sugar molecule with the tip is like fly fishing, says study coauthor Hermann E. Gaub, also of the University of Munich. The researchers lower the tip onto the gold or glass base and then gently pull it back up. If a sugar molecule has “bitten,” the strain gauge will register the molecule’s resistance.

They can also tell whether they have caught more than one sugar molecule. As they pull on the sugar molecule, straightening out its chainlike structure, the researchers detect a characteristic abrupt change in force. With more than one long sugar chain, the force readings smear, says Gaub.

Along its looping length, each sugar molecule may bond to the gold or glass surface in several spots. Once the tip catches hold of the molecule, the researchers tug at it repeatedly until all the bonds have broken, like pulling ivy away from a wall, tendril by tendril. The covalent bonds that give way, the team suggests, are carbon-silicon bonds for the glass surface and sulfur-gold bonds for the gold surface.

One limitation of the study, says biophysicist Julio M. Fernandez of the Mayo Foundation in Rochester, Minn., is that the authors cannot prove they are measuring the rupture of covalent bonds. How the sugar chain attaches to the tip is mysterious, he says, and the force the researchers register could be the sugar molecule sticking and slipping along the strain gauge. But the study is a good start, he says.

“Little is known about molecules and force,” says Fernandez. “Covalent bonds hold it all together, and it’s important to know their strength.”            —L. Helmuth

U.S. Fireflies 

Flashing in Unison

A rare, dazzling spectacle may not 

be limited to far-flung places

By SUSAN MILIUS

Adark tree spangled with fireflies adorned the cover of the Aug. 31, 1991, issue of Science News. Reader Lynn Faust of Knoxville, Tenn., still remembers it.

Hoping to read about the showy displays of the Great Smoky Mountains, Faust flipped to the cover article (SN: 8/3/91, p. 129). She learned that male Asian fireflies gather by the thousands in trees, flashing on and off in unison. The article disturbed her, however. “No matter how I read it, it seemed to mean that there were no real synchronous fireflies in the United States,” she recalls.

What about the June ritual that she and her family regularly enjoyed at their cabin in the mountain resort of Elkmont, 

Tenn.? Around 10:30 at night, the family, sometimes 18 people representing three generations, would wrap themselves in blankets and sit silently on the unlit porch. 

As eyes adjusted to the darkness, the yard appeared to twinkle with a natural light show. Dozens of fireflies flickered five to eight times, then all went dark for about 6 seconds only to burst into light again. And again. And again. In the background, fireflies high on a hillside started their sequence just a little ahead of the ones below, so light rippled down. “It looks like a waterfall of fireflies,” Faust says.

“I didn’t realize nobody knew they were there,” she chuckles. She had always assumed that other vacationers in the mountains crowded onto their own porches on midsummer nights to watch the lights wink on and off. 

After reading the Science News article, however, Faust contacted firefly researcher Jonathan Copeland of Georgia Southern University in Statesboro. He’s one of the current lightning bug devotees who study such questions as how the insects’ internal pacemakers coordinate the show and how such fireworks evolved. 

When Copeland and his colleagues visited the cabin, they found that the grassy hillsides with a handy creek support an unusual abundance of the firefly Photinus carolinus. Instead of relying on subjective thrills of watching the show, the researchers worked their way through videotapes, frame by frame, monitoring points of light appearing and disappearing in the blackness. Yes, the males definitely synchronize their flashes, Copeland says. “It makes you wonder how many more synchronic fireflies we’d find out there if we’d just leave our air-conditioned houses.” 

Afew other reports of synchronous U.S. fireflies have flickered through the scientific literature. A Texas species, Photinus concisus, dazzled Dan Otte of the Academy of Natural Sciences in Philadelphia in the 1970s. The most common East Coast backyard flasher, Photinus pyralis, may not synchronize for more than a few cycles at a time in the wild, but when confined in a laboratory cage, males can pick up the beat and flash with each other.

Since the description of the Tennessee flasher, other coordinated displays have turned up. Faust, an avid amateur naturalist who has been searching for leads to other examples, has herself found at least three more mountain spots where P. carolinus displays. The species seems to range along the Smokies at elevations around 2,000 feet and has been reported as far north as Pennsylvania. So, Faust was not surprised to get a late-night call from a woman with a cell phone standing bedazzled among synchronizing fireflies on the lawn of a North Carolina mountain fishing lodge.

One night in 1997, while walking the dog on Skidaway Island outside Savannah, Ga., Copeland’s wife, Ursula Sterling, spotted a different coordinated display among yet another species of fireflies. Researchers have tentatively identified her find as Photuris frontalis, a species reported from Gulf states like Louisiana and Florida north to South Carolina. 

A couple of months later, Copeland saw the same coordinated display twinkling in Congaree Swamp National Monument in South Carolina. He’d been tipped off by park naturalist Fran Rametta, who’d heard of the Elkmont display and began wondering about the light shows he had witnessed among the massive century-old swamp trees at night.

Questioning how fireflies synchronize “does not come easily to us as human beings because we accept our own ability to dance or to march in unison as being second nature,” argued John Buck in his classic 1976 Scientific American article. Yet for the rest of nature, Buck considers this kind of synchrony—coordinating rhythmic actions in a group—very rare. 

Other animals certainly can act in a coordinated way. They might respond to the same stimulus, such as when a flock of gulls startles and takes to the air in a single whoosh. Some creatures, like fish swimming in a school, can coordinate their spacing and zip off in the same direction as if connected by wires. 

Yet, synchronized repeated motions are much rarer. The gulls that take off in a flock match wing beats only for a few measures. Buck points out that horses in harness don’t match steps on their own. Beyond the foot-stomping, hand-clapping, Riverdancing throngs of humanity, he can think of only a few creatures that show tight, spontaneous synchrony: certain chorusing insects like crickets and katydids and, of course, some of the fireflies. 

Michael Greenfield of the University of Kansas in Lawrence approaches synchrony from a slightly different viewpoint. He studies acoustic coordination in the great croakfests and chirpfests where male frogs and insects gather to advertise their studly charms, but he also ranks fireflies as special. 

Although animals may not call in unison, they often adjust their timing in other ways, he says. Many species of frogs do perceive the beat in a neighbor’s calls and respond by avoiding it. One frog who croaks, waits, and croaks again often finds a neighbor croaking during the pauses. This tendency to alternate holds across many species, Greenfield says. Only a very few frogs naturally adjust their timing to call simultaneously. 

The evolutionary drive behind this, Greenfield suspects, comes from a neurological tendency to perceive only the first of two closely spaced stimuli. Basically, he who croaks first, even by a few milliseconds, gets the girl. The alternate croaking maximizes the time between the different frogs’ signals.

Such simple rules for coordinating with a few buddies, however, can give rise to complicated sounds. For example, Greenfield has found that among the tungara frogs he studies in Panama, two males in an alternating duet will move over to make room, acoustically speaking, when a third joins in. The frogs space their calls so a back-and-forth duet becomes a 1-2-3, 

1-2-3 trio. When an abundance of frogs converges, individuals seem to block out the crowd, still taking their timing cues from near neighbors. By overlapping, these local ensembles can create pond music of Wagnerian proportions.

Yet this degree of coordination does not match the feat of certain fireflies, Greenfield says. When frogs or many of the singing insects he’s studied join a hootenanny, they do not really change their own basic rhythms, whether they’re in or out of synch. Suppose a creature calls every 

2 seconds. A neighbor’s call may reset the clock, perhaps lengthening the pause between one set of chirps, so that both animals will start the next cycle at the same time. However, both continue to follow their basic 2-second rhythms.

A few firefly species, such as one in Thailand, seem able to do more. A twinkle of light resets the clock to a different starting point but can also change the basic pace. For instance, a firefly that naturally signals every 0.5 second could switch to a once-every-0.4-second pace.

Such adjustability does not occur often in nature, Greenfield says. One of the species of periodic cicadas, Magicada cassini, seems to do it, as can some katydids and perhaps a tree cricket. Even among synchronizing fireflies, this ability to change the natural pace is far from universal. 

Fireflies are not flies, taxonomically speaking, but beetles. The whole family, some 2,000 species, covers much of the temperate and tropical world. Most North American species have earned the nickname rovers, because males patrol at night, flashing to advertise their services. Females, often on the ground or 

a stationary perch, respond with a characteristic answering flash that indicates an interest as well as an address.

Certain Indo-Pacific species play a different mating game. Males flock by the hundreds or thousands to trees, where they sit and wait, flashing in unison. Western explorers as early as the 16th century were moved by the spectacle. However, many were just as enthusiastic about mermaids, so Western scientists tended to remain skeptical until the dawning of the video era after World War II. 

Even as Buck and his collaborator, Elisabeth Buck, set off to Thailand in 1969 to check out the stories, “we were more than half-convinced the phenomenon didn’t occur,” he recalls. But it did.

“It blows you away,” Buck says, still relishing the memory of that first expedition. On a moonless night, canoeing on a jungle river, he watched trees along the banks coated with fireflies, seemingly at least one flasher per leaf, light up the night, then plunge into blackness and light up again. “The steady, silent pulsing of the firefly trees has an almost hypnotic effect,” John and Elisabeth Buck recounted.

The Bucks reported that the most common of the synchronous Thai fireflies, Pteroptyx malaccae, keeps an unusually tight rhythm. It’s more precise than other creatures often cited as examples of living clockwork: the whippoorwill repeatedly belting out its territorial call at night and the human heart beating during sleep.

Experiments showed that the Thai firefly could flick its blink in response to a neighbor’s flare in 150 to 200 milliseconds. Yet the insects flash together in too tight a burst for a leader to be sending the signal for each surge. Even the slowpokes lag no more than 20 ms behind.

People can do the same thing, getting into phase without listening to a leader for each beat, Buck points out. In a classic test, experimenters asked people to close their eyes and tap the arm of a chair as soon after the leader’s signal as possible. Even the fastest tappers need at least 150 ms from signal to tap. Yet when the leader asked the group members to tap in unison, even the slowest fell no more than 130 ms behind. The people weren’t responding to the current taps but had picked up the rhythm from previous sounds. James F. Case, a long-time firefly researcher at the University of California, Santa Barbara, reports that an auditorium full of students can get into synch in just four or five taps.

Over the years, researchers have proposed many variations on this model for firefly synchrony, but the basics always involve some kind of internal pacemaker in the insect’s tiny brain. During certain phases of its rhythm, the pacemaker becomes sensitive to a neighbor’s flash, so a quick twinkle resets the clock. When the sensitivity occurs and what the resetting flash affects seem to vary by species. Researchers have coaxed fireflies into changing their natural rhythms by as much as 20 percent, Buck reports.

In what he calls “an interesting footnote” to Westerners’ nearly 400 years of fascination with synchronous fireflies, Buck notes that until recently, no one recorded speculations about the biological meaning of the displays. During the past couple of decades, however, scientists have made up for lost centuries.

Case, the only scientist so far to describe a synchronous Asian species actually mating, reports that males keep on flashing as a female lands in their midst. The male who triumphs in attracting her favors swivels his abdomen around so that his lantern blasts on and off right in front of his partner’s eyes during the entire coupling. “It’s to keep her mind off the other males,” Case speculates.

Clearly, the flashing has something to do with mating. Males may be sending a neon message as direct as “Over here, girls!” But why broadcast it at nearly the same millisecond as thousands of other equally available guys?

“It’s not mystical,” grumbles James Lloyd of the University of Florida in Gainesville. He protests against a tendency to elevate synchrony to the status of unexplainable phenomenon. 

In Buck’s 1988 review of the field—a 

50-year update of his first scientific review of the literature—he mentions nine hypotheses to explain synchrony. One suggests that flashing in unison aids the females in picking out the rhythm of the right species. Another proposes that females essentially get temporarily numbed by a flash and can’t perceive or respond to a subsequent flash unless they get a brief resting period, so there’s no point in one individual’s lighting up before the others.  Another idea was that a male would flash in unison with a neighbor already flirting with a female. That way he might get a chance to steal her fancy.

Copeland says that he wouldn’t be surprised if the synchrony in Elkmont guarantees a nice, dark moment for roving males to get their bearings on the faint answering wink of a female, without the interference of some other hotshots showing off their flashers. “The male is enormously bright—it’s just dazzling,” he reports. He and Andrew Moiseff of the University of Connecticut in Storrs are just starting to work on the synchronicity of the coastal flashers. 

Detecting males synchronizing for any reason can be tricky, he cautions. Insects can fall into phase just by chance, flashing together for cycle after cycle. Even traffic cones with flashing caution lights can seem to fall in step for six to eight cycles and then drift out of synch again. Copeland has demonstrated this illusion of synchronicity by visiting a road repair site at 3 a.m. and filming the traffic cones for a while.

“If you have to stretch and strain to see it, it’s not there,” he advises synchronicity hunters. Just by chance, fireflies often blink together for five, six, or more cycles before falling out of phase. However, fireflies that stay in synch for 3 or 4 minutes, and hundreds of flashes, merit serious attention.

He remembers his own experience seeing the Tennessee flashers for the first time. Thrilled with the discovery, he phoned Moiseff to tell him the males were synchronizing. “I said, ‘Andy, it’s absolutely obvious,’ and he said, ‘Prove it.’” 

Copeland then spent the summer videotaping fireflies, recording flash activity of individuals in cages, and working through the data a few milliseconds at a time. With just a touch of crankiness, Copeland recalls that the next year, “when Andy finally came down and saw it, after about 30 seconds, he said, ‘It’s obvious.’”   
n

A firefly in western Maryland.

An Asian firefly, Pteroptyx malaccae, spends its nights roosting in trees, flashing in unison with thousands of nearby males.

Behavior

Learning to make, keep adult neurons

Certain types of learning, and even regular exercise, appear to enhance the formation and survival of new brain cells in adult rodents, two teams of neuroscientists find.

Their investigations, both published in the March Nature Neuroscience, focused on cell births in the mature hippocampus. A growing body of research indicates that this small neural structure, which contributes to learning and memory, produces fresh nerve cells throughout the lives of humans, monkeys, and other animals (SN: 10/31/98, p. 276).

A group led by Elizabeth Gould of Princeton University injected a group of rats with a chemical that labels newborn cells. A week later, some of these rats received training in one of four tasks. 

The number of newly generated cells doubled in rats after training on one of the tasks that are known to require an intact hippocampus, the scientists report. One consisted of learning to expect delivery of an electric shock to the eyelids (as evidenced by eye blinks) just after hearing a distinctive blast of noise; the other required animals to find and remember the location of a submerged platform in a water-filled maze.

Two tasks that did not depend on the hippocampus—learning to associate noise blasts with concurrent electric shocks and to swim to a visible platform placed at random locations in a water maze—failed to generate increases in labeled neurons. Untrained mice also produced no extra neurons.

Hippocampus-dependent learning aids the survival of cells created before training, rather than sparking more cell production during training, Gould’s team proposes. Labeled cells did not surge in number in rats that were injected immediately after starting any of the training sessions.

A second study, directed by Henriette van Praag of the Salk Institute for Biological Studies in La Jolla, Calif., finds marked increases in the surviving number of new hippocampal cells in adult mice that were put in cages with running wheels immediately after receiving injections of the chemical label for neural newcomers. Enriched housing, which featured opportunities for frequent social interaction and varied types of play, also yielded substantially greater numbers of surviving newborn cells.

Unlike the adult brain’s outer layer, or cortex, the hippocampus may cultivate fresh neurons to deal with novel information as it discards others that have become obsolete, theorize William T. Greenough of the University of Illinois at Urbana-Champaign and his colleagues. 
—B.B.

Schizophrenia’s places and seasons

Environmental factors may outweigh genes as contributors to population rates of schizophrenia, a Danish study finds.

Epidemiologists led by Preben Bo Mortensen of Aarhus University Hospital in Risskov, Denmark, used government data sources to identify 2,669 cases of schizophrenia among all 1.75 million people whose mothers were Danish women born between 1935 and 1978. Schizophrenia’s 

fragmentation of thought and emotion usually emerges in young adulthood.

The likelihood of developing schizophrenia was sharply higher among people with a mother, father, or sibling who had schizophrenia, compared with people who had no schizophrenia in their families, the researchers report in the Feb. 25 New England Journal of Medicine. Mortensen and his coworkers also found that urban birth exerted a powerful impact on the schizophrenia rate. After that came birth in February and March, followed by a family history of schizophrenia.

These findings may reflect the influence of prenatal brain disruptions in response to factors such as exposure to infections and poor maternal nutrition, in causing schizophrenia (SN: 2/3/96, p. 68), says psychiatrist Nancy C. Andreasen of the University of Iowa in Iowa City.  
    —B.B.

The Universe en Rose

The view through a better infrared camera

By RON COWEN

On a clear night, most astronomers would consider themselves lucky to be on Hawaii’s Mauna Kea, in the control room of the world’s biggest optical telescope. What could be more exhilarating than to know that 3.6 kilometers away, on the summit of this extinct volcano, the giant mirror of the Keck I Telescope is at your command? By all rights, astrophysicist Richard G. McMahon should have been sitting pretty. But on this night, he was frustrated. 

It wasn’t the weather, and it certainly wasn’t the telescope. Keck I had followed McMahon’s orders to the letter, recording precious light from a particular patch of the distant cosmos. The problem was the telescope’s near-infrared detector. Like all such devices used in astronomy, it was too small to do the job efficiently.

McMahon, based at the University of Cambridge in England, was at Keck I to examine two extremely distant galaxies that lie close together in the sky. Even though the starlit bodies are separated by an angular distance of just 70 arcseconds—a minuscule fraction of the width of the full moon as seen from Earth—the near-infrared sensor was so tiny that it could only record the infrared light from one galaxy at a time. 

It was sheer tedium, not to mention 

a waste of valuable telescope time. McMahon and his colleague Esther M. Hu of the University of Hawaii in Honolulu would have to repeat their observations, slewing the telescope ever so slightly from one galaxy to the other, in order to obtain near-infrared images of both.  

On that October night 18 months ago, McMahon took comfort in one thought. He and his colleagues had nearly completed construction of a bigger and more powerful near-infrared camera. 

That camera, installed in late 1997 on the 2.5-meter Isaac Newton Telescope on La Palma in the Canary Islands, is the largest infrared imaging device ever assembled. Because of its large size, the camera can detect near-infrared radiation from a given region of the sky more than 50 times faster than the detector that McMahon and Hu used at Keck I. 

The Keck I device can only image a region 0.05 percent the area of the full moon. On the Newton Telescope, the new camera, known as the Cambridge Infrared Survey Instrument (CIRSI),  views a patch of sky 25 percent the area of the moon. That’s more than big enough to encompass both of the distant galaxies that McMahon and Hu had to observe separately. 

The difference results primarily from the size of the infrared detector, but there’s a second factor at play. Keck I, a bigger telescope, acts as a telephoto lens, magnifying details more than the Newton  Telescope does but covering a smaller patch of sky. The large-format CIRSI thus provides a faster way to survey large regions of sky, McMahon says.

“This camera has been designed to find objects that can then be examined in detail on a large telescope,” McMahon notes.

The precision optics of Keck I, the Hubble Space Telescope, or the Very Large Telescope, a quartet of 8-m telescopes now under construction on Cerro Paranal in Chile, can do follow-up studies.

CIRSI consists of four sensitive infrared arrays—electronic detectors that are now standard for recording near-infrared light in the laboratory. Both visible-light and near-infrared  detectors rely on semiconductors, which convert tiny light signals into electrical currents. Visible-light detectors, known as charge-couple devices (CCDs), consist of layers of silicon. Highly developed because of their widespread use in digital cameras and computer circuitry, CCDs can be made relatively easily and in large sizes.

An infrared array is considerably more complex. One layer of semiconductors—a mixture of mercury, cadmium, and telluride—records the near-infrared radiation, while a layer of silicon bonded to this material reads out the electronic signals. In contrast to a CCD, the signal from each light-sensing picture element, or pixel, must be read separately. 

“The electronics are as complex as those in a Pentium chip,” says McMahon. Moreover, because the detectors have limited use outside astronomy, “the infrared technology is lagging a decade behind CCDs,” he adds. 

Each of the CIRSI arrays measures 19 millimeters on a side and contains 

1 million individual pixels. The Keck I device consists of a single array of 65,500 pixels.

“The combination of many more pixels and the fact that the scale of the telescope we’re using is well matched [to the camera] gives us a giant advantage over Keck,” says McMahon. 

Although the Rockwell International Science Center in Palo Alto, Calif., supplied the arrays, McMahon and a team of Cambridge scientists designed and put together the trio of computers and the software to operate the camera, a project that took months to complete. In a single night of observing, the camera’s ultrasharp scans can produce 30 gigabytes of data, enough to fill 20,000 floppy disks or 50 CD-ROMS. 

“We have some spectacular images—the biggest images you can make with a single [near-infrared] camera,” says McMahon.

The Cambridge team declines to say how much they spent on the camera, but McMahon notes that a similar device could cost $500,000 to $1 million. It might seem foolhardy to spend so much effort and money to build a near-

infrared camera when visible-light cameras can be 30 times bigger, cover much more of the sky, and are only one-tenth as expensive to make. 

“There are a number of questions that can be answered with wide-field infrared surveys that can not be done with visible-light cameras,” comments James R. Graham of the University of California, Berkeley.

In visible light, he notes, dust prevents telescopes from seeing any farther than a few thousand light-years along the plane of our galaxy. Dust 

absorbs near-infrared 

radiation less readily, and a telescope operating at a near-infrared wavelength of 2 micrometers can see 10 times farther than a visible-light instrument. 

“There are also likely to be new classes of rare objects that could be found in deep, wide-field infrared surveys,” says Graham, including very cool stars, free-floating massive planets dubbed super-Jupiters, very dusty galaxies, red quasars, and brown dwarfs—objects too massive to be planets but too small to qualify as stars.   

Researchers are already using CIRSI to survey the distant universe, searching for newborn galaxies that hail from a time when the cosmos was less than 10 percent of its current age. Because the expansion of the universe shifts the visible light emitted by these distant galaxies to longer, redder wavelengths, an infrared detector may offer the best chance of finding these young, remote objects.

McMahon has already spied four galaxies that show up in near-infrared but not in visible light. The most intriguing explanation is that one of the objects is the most distant galaxy ever detected.

It’s well known that the vast amount of dust lying between a distant galaxy and Earth blocks the ultraviolet light emitted by the galaxy—radiation that would otherwise be observed, due to cosmic expansion, as visible light. Thus, an object that vanishes in visible light but still shows up clearly in the near-infrared could be extraordinarily far away. 

The galaxies McMahon has found may have a redshift of 5 or greater, meaning that the wavelengths of light they emit are shifted to the redder or longer end of the electromagnetic spectrum by a factor of 5. Such objects lie more than 12 billion light-years from Earth.

On the other hand, the galaxies could be extremely red, dusty objects that are not nearly as far away, McMahon notes. “I’m being cautious because it would be remarkable to find something so distant so quickly. We’ve only had the camera [doing this survey] for a few weeks. I was expecting it would take about a year or two to get to very high redshift [objects].”

While McMahon continues to search for galaxies at the edge of the universe, Michael Hoenig of the University of Cambridge and his colleagues are using CIRSI to look for distant clusters of galaxies, the most massive gravitationally bound systems in the universe. They hope to determine, for example, when different types of galaxies first began to form and whether large elliptical galaxies were scarcer in clusters early in the universe than they are now. If they were, it may suggest that the elliptical galaxies formed when smaller galaxies collided.

Meghan Gray, also of Cambridge, is using CIRSI to hunt dark matter, the invisible material believed to account for more than 90 percent of the universe’s mass. Dark matter can be detected only through its gravity. 

In their study, Gray and her collaborators take advantage of a cosmic illusion. According to Einstein’s theory of gravitation, large clumps of matter, whether dark or visible, can act as lenses by bending and magnifying light from distant galaxies that lie directly behind them. The more massive the clump, the greater the magnification. 

By studying the extent to which nearby clusters of galaxies magnify light from distant, infrared-bright galaxies, the astronomers plan to weigh the total amount of matter—both visible and dark—in the nearby clusters.

For researchers who wish to explore the nearby universe, the camera provides a new tool for finding cool objects, which emit most of their light in the near-infrared. These include very cold white dwarfs—the dying embers of stars like the sun—as well as low-mass stars, extrasolar planets, and brown dwarfs.

Instead of looking for lone brown dwarfs, McMahon’s team plans to search for ones with a partner, either a star or another dwarf. Scanning a cluster of stars known as NGC 6633 for brown dwarfs locked in a gravitational pas de deux, the astronomers intend to measure how rapidly each dwarf orbits its companion and how far away the companion lies. From these measurements, the researchers hope to deduce the masses of these enigmatic objects.

McMahon continues to frequent Mauna Kea. But these days the frustration is gone—he goes there mainly to take close-up images and spectra of the trove of objects he’s already cataloged. To mine large patches of sky in 

the near-infrared, he travels to 

another site, nearly halfway around the world—the Isaac Newton Telescope. He’s got his own camera there ready to explore a new vista of the universe.  
n

Some of the small, red objects in this picture, a false-color composite of visible-light and near-infrared images, may be as much as 12 billion light-years from Earth. Such distant objects show up most clearly in near-infrared light. The group of bright spots at the center is the cluster of galaxies known as Abel 2219.

The Cambridge Infrared Survey Instrument, which consists of four large near-infrared arrays, is shown in a nitrogen-cooled canister (arrow) and in inset. Each array contains 1 million light sensors.

View toward the center of our galaxy, seen in visible light (left) and with the new detector in the near-infrared (right). Each white dot is a star similar in mass to the sun. Revealing objects hidden by dust, the near-infrared image records about 100 times as many stars.

Visible-light (left) and near-infrared (right) images of Messier 16, a star-birth region about 7,000 light-years from Earth.  The near-infrared image shows many more newborn stars inside this cloud of gas and dust.

Ringed region shows an X ray­emitting cluster of galaxies, nearly halfway to the edge of the observable universe, seen with the new near-infrared detector on the Isaac Newton Telescope.

Biology

Chlamydia protein mimics heart muscle

An attempt to unravel how certain viral infections harm the heart may have produced an explanation for the tantalizing link between some bacteria and the development of heart disease. What researchers have stumbled upon is in essence a dangerous case of mistaken identity.

Josef M. Penninger of the Amgen Institute in Toronto and his colleagues have been studying how infections by members of the coxsackie virus family stimulate an animal’s immune system to attack its heart. The researchers found that injections of a small fragment of the heart-muscle protein myosin generated heart damage nearly identical to that caused by the 

viruses. They therefore wondered whether the viruses have proteins structurally similar to the myosin fragment. Such molecular mimicry could explain why the immune system responds to the microbes by attacking the heart. 

Yet when Penninger’s team searched a database of viral and bacterial proteins, the only match to the myosin fragment was part of a surface molecule made by the bacterium Chlamydia trachomatis. That match intrigued Penninger because another member of the chlamydia family, Chlamydia pneumoniae, has been associated with heart disease (SN: 6/14/97, p. 375). A recent study even suggested that antibiotics might prevent the development of heart attacks (SN: 2/6/99, p. 86). 

Penninger found that C. pneumoniae has a surface molecule identical to the one in C. trachomatis that mimics myosin. He and his colleagues even showed that injections of this bacterial protein have a dramatic effect. “We can take a piece of the bacteria, put it into [mice], and give them heart disease,” says Penninger. He argues that his group has offered the first proof of a mechanism by which chlamydia bacteria may trigger heart problems.

Epidemiology studies, however, have linked the bacteria to atherosclerosis, a thickening of blood vessel walls, not to a direct immune attack on the heart, comments J. Thomas Grayston of the University of Washington in Seattle. Grayston, who was one of the first scientists to connect C. pneumoniae to heart disease, notes that at least two other theories have been put forth to explain how the bacteria induce heart disease. “There has been lots of speculation about what the mechanism might be,” he says. 


   —J.T.

The sweet smell of serum

You smell. Don’t worry, we all do. In fact, studies indicate that every animal has a distinctive smell, a so-called odortype. Moreover, research suggests that rodents, and even people, prefer a mate with a different smell, perhaps as a way of ensuring genetic variability within a population. A study now reports that these identifying odors circulate in the blood, although they’re apparently bound to proteins that normally mask the smell.

Much of the research on odortypes has focused on the ability of mice to identify the smell of urine from different mice. Since urine is a complex liquid, scientists haven’t had much success identifying the specific odor molecules recognized by mice. Suspecting that serum, the fluid portion of blood, might also carry the odorants, investigators tested whether mice can discriminate among blood samples. They couldn’t. 

The odor molecules, however, may be bound to other proteins circulating in serum and are freed only when processed by the kidney into urine, says Kunio Yamazaki of the Monell Chemical Senses Center in Philadelphia. In the Feb. 16 Proceedings of the National Academy of Sciences, he and his colleagues show that mice can indeed discriminate among serum samples—nearly as well as among urine samples—if the liquid is first treated with a protease. This enzyme, which breaks down proteins, apparently frees the odorants, says Yamazaki.    —J.T.

Biomedicine

Resistant staph microbe reappears

Doctors in the United States recently identified three cases of staph infection that resist vancomycin, the only antibiotic thought still to be effective against such stubborn infections.

In 1996, a Japanese infant became the first to contract a Staphylococcus aureus infection that resisted vancomycin. The boy was cured with a combination of other drugs. Now, two studies in the Feb. 18 New England Journal of Medicine describe three more cases—in Michigan, New Jersey, and New York.

All three had received kidney dialysis and died from kidney failure or a combination of ills. Although the staph infection’s role in the deaths was unclear, these cases indicate that any dialysis patient with an S. aureus infection who doesn’t promptly respond to vancomycin should be tested for resistance, says Michele L. Pearson, an epidemiologist at the Centers for Disease Control and Prevention in Atlanta. 

Of 222 people known to have come into contact with any of the three patients, none contracted the resistant strain.

The patients had received vancomycin intermittently for about 4 months. Such repeated exposure to antibiotics can induce resistance. The cases represent another warning against doctors overprescribing antibiotics, says Pearson, a coauthor of one of the new studies. 


  —N.S.

Iron pots help fend off anemia

Ethiopian children eating food cooked in iron pots are less likely to have iron-deficient blood than their playmates who eat similar foods prepared in aluminum pots, a team led by researchers at McGill University in Montreal reports in the Feb. 27 Lancet. 

After cooking Ethiopian foods in the lab, the scientists found that some iron from iron pots had leached into the food.

They compared 195 children who ate food cooked in aluminum pots with 207 children whose food was cooked in iron pots supplied by the researchers. After 1 year, blood tests showed that the iron-deficiency, or anemia, rate fell from 57 to 13 percent in the group with iron pots but only from 55 to 39 percent in the other. The children whose families used iron pots also grew slightly more, and none suffered from iron overload.

If larger studies show similar results, “real gains in child, adolescent, and maternal health should be possible at low cost,” says Bernard Brabin of the Liverpool (England) School of Tropical Medicine. 
  

  —N.S.

Screening cuts colon cancer deaths

People whose stools are tested regularly for traces of blood are less likely to die of colorectal cancer than those who don’t submit samples for testing, an 18-year Minnesota study finds.

Starting in the late 1970s, researchers enrolled 46,551 healthy volunteers, age 50 to 80, into three roughly equal groups to evaluate such screening. One group submitted fecal samples from three consecutive stools once a year, another group did so every other year, and the third control group submitted none. When a stool sample showed traces of blood, the volunteer underwent a colonoscopy—in which a doctor visually checks the colon for precancerous lesions or tumors. Patients were then treated accordingly, says study coauthor John H. Bond, a gastroenterologist at the University of Minnesota in Minneapolis and the Minneapolis Veterans Affairs Medical Center. 

Overall death rates among the three groups were similar, but 177 people in the control group died of colorectal cancer compared with 148 of those whose stools were analyzed biennially and 121 in the annual group, the researchers report in the March 3 Journal of the National Cancer Institute.

Those getting annual stool tests were diagnosed with about half as many advanced colorectal cancers as the controls. 

“We didn’t know if screening would be helpful,” Bond says. “This reconfirms the validity of this approach.” 
  —N.S.

Materials Science

Liquid crystal emits polarized light

Sunglasses designed to cut down glare typically use polarizing lenses to prevent unwanted light waves from reaching the eyes. Many electronic-display technologies use similar filters to polarize light and create crisp, vibrant images. Because they achieve this effect by subtracting out more than half of incoming light, however, these filters end up wasting much energy.

Now, Shaw H. Chen of the University of Rochester (N.Y.) and his colleagues have created a material that generates a type of polarized light without the need for filters. They predict that it could be used to make more energy-efficient monitors, stereoscopic three-dimensional displays, and information-storage devices.

The material combines a transparent liquid-crystal film with a dye that glows blue under ultraviolet illumination. The liquid-crystal molecules line up in horizontal planes, which are stacked with each plane slightly rotated with respect to the one below. The dye molecules are embedded between the liquid-crystal molecules. As light emitted by the dye molecules traverses the planes, it becomes circularly polarized—the light’s electric field rotates either clockwise or counterclockwise along its direction of travel.

Armed with the new material, “we’d like to explore the unique features of circularly polarized light for new applications,” says Chen. He and his colleagues report their findings in the Feb. 11 Nature.

The material’s novel molecular structure challenges the typical notion of a liquid crystal, says Chen. “Conventional liquid crystals are fluid at room temperature. This is a glassy solid.” Yet the material also does not fit the usual definition of a glass. Instead of assuming an amorphous structure, the molecules arrange themselves in an orderly fashion. Perhaps now researchers will have to broaden the definition of a glass to include any noncrystalline material, Chen suggests. 
 

 —C.W.

Light hardens bone-like polymer

Severe bone fractures sometimes need more help than a simple plaster cast can provide. Now, a new polymer that can act as a temporary bone replacement might offer doctors another tool to repair orthopedic defects. The material is not only hard and strong, but it also gradually breaks down in the body, allowing natural bone to regrow in its place.

The polymer starts out as a putty and hardens when exposed to blue light. In this way, the material can be spread into an area of missing bone and then triggered to solidify in the needed shape. 

This polymer is one of the first systems that combines biodegradability with a light-triggered setting mechanism, says Robert Langer of the Massachusetts Institute of Technology. He, his MIT colleague Venkatram R. Shastri, and Kristi S. Anseth of the University of Colorado at Boulder report their findings in the February Nature Biotechnology. 

The researchers demonstrated the utility of the light-hardening process in the laboratory by molding the polymer into bone screws, which are often used to hold together fractures. Shining light on just the head of a 4-centimeter-long screw caused the entire piece to solidify. 

They also tested the polymer by surgically creating a hole 

2 millimeters in diameter in a leg bone of a rat and filling it with the putty. After exposure to light, the restoration bonded to the existing bone without causing inflammation in the surrounding tissue. 


 —C.W.

Polarizing liquid crystal glows blue under ultraviolet light.

