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the fuel rods and into the distant environment toughening process that resulted in glass 
over millennia. The panel agrees that DOE that both resists fracture better and delivers a 
has done a good job assessing such possible warning before it  finally fails, in the form of 

. . . . 
dlsruptlons as earthquakes, volcanic erup- 
tions, and nuclear reactions suddenly taking 
off, but notes that other assumptions "may be 
unduly optimistic." For example, the cladding 
that encases the enriched uranium rods and 
provides the first line of defense may not hold 
up as well as assumed. More lab work on the 
cladding's behavior under repository condi- 
tions is needed, says the report. 

The behavior of the radioactive material 
once it leaks out, as it eventually must, is also 
unclear, says the report. More exploratory 
holes should be drilled into aquifers far from 
Yucca Mountain, where the radioactivity will 
ultimately spread, it suggests. The panel is es- 
pecially concerned about the assumptions be- 
hind the repository's "hot" design, in which 
heat from the waste is supposed to keep tem- 
peratures well above boiling and thus initially 
keep out moisture that could corrode the rods. 
"We don't think anybody can model that con- 
vincingly," says Whipple. Such stubborn 
problems might be handled by making some 
conservative, simplifying assumptions, says 
Whipple, an approach DOE has yet to accept. 

Van Luik says he's "a tad surprised at the 
amount of msterial they think we need to do." 
Some of the suggested work is already under 
way, he notes, and project staff are still debat- 
ing the merits of a hot design. "This is not our 
final design, nor our final understanding of 
the site," he explains. But he's concerned by 
the fact that "the panel recommends that we 
do additional work that would extend us be- 
yond our current schedule." 

Kevin Crowley, staff director of the Na- 
tional Research Council's Board of Radioac- 
tive Waste Management in Washington, D.C., 
says DOE would be wise to take the panel's 
advice because its current schedule is unreal- 
istic. The panel's emphasis on gathering more 
data and dealing with the &tractable complex- 
ities, he adds, could be key to resolving the 
technical issues. "The DOE has some real 
challenges ahead,'' he warns. 

-RICHARD A. KERR 

; Stress Profiling Gets 
3 The Best Out of Glass 
5 1 Try to bend a piece of window glass, and 
; you'll get a vivid demonstration of glass's 
1 brittle behavior. When stressed, it shatters 
8 without warning into thousands of shards. 2 Now an international team of researchers 
g has developed a clever way to make glass a 
% little more pliant and predictable. On page - 
B 1295, materials scientist David Green of 
$ Pennsylvania State University in University 

Park and his team describe a chemical 

small cracks on its surface. 
"Usually, when a piece of glass starts to 

break, that's the end of the story. In this 
glass you can arrest the cracks and you get 
some warning before the final failure," says 
Green. "The fact that multiple cracking can 
be observed in glass is indeed remarkable," 
agrees William Tredway, advanced ceramics 
group manager at United Technologies Re- 
search Center in East Hartford, Connecticut. 

The traditional method for making glass 
more resistant to fracture is called tempering. 
Manufacturers use either heat or chemicals to 
increase the "residual stress"-the compres- 

sive forces betken 
atoms-at its sur- 
face. Before an ex- 
ternal stress forms a 
crack, it must over- 
come not only the 
normal strength of 
the material, but al- 
so this extra residu- 
al stress. Tempered 
glass is more resis- 
tant to fracture, but 
when a crack does 
form at the surface 
it ~ u i c k l v  moves 

Flexiglass. Cracks form deeper where the 
on a piece of treated stress is lower, and 
glass as it is flexed, but the material fails 
it does not break. catastrophically. 

In 1991, Green 
and Rajan Tandon, now at Caterpillar Inc. 
Technical Center, a construction machinery 
manufacturer in Peoria, Illinois, did theoreti- 
cal studies that pointed to a better way to 
strengthen glass. The studies showed that a 
compressive stress "profile," with relatively 
weak stress at the surface increasing to a 
maximum at a depth of 20 to 30 rnicrome- 
ters, would stop cracks because they would 
face increasing compressive stress as they 
moved deeper into the material. "The idea 
went against the current dogma of what you 
are supposed to do," says Green. "Usually 
people try to get the maximum compression 
at the surface." 

To create the required stress profile, the 
researchers developed a two-stage chemical 
tempering process. The main skeleton struc- 
ture of glass is composed of silicon and oxy- 
gen atoms, interspersed with sodium atoms. 
The researchers immersed a glass sample in 
a bath of molten potassium nitrate at high 
temperature, allowing some of the potassi- 
um ions in the bath to swan   laces with 

1 .  

sodium ions in the glass-a process called 
"ion exchange." Potassium atoms have a ra- 
dius that is 25% larger than sodium, says 
team member Vincenzo Sglavo of the Uni- 

Food Fight Fed up with the ongoing me- 
dia feeding frenzy surrounding genetical- 
ly modified (GM) food, 19 of Britain's 
most eminent scientists, all Fellows of 
the Royal Society, have called for the use 
of peer review rather than public opinion 
t o  judge scientific results. Writing in the 
23 February issue of London's Daily Tele- 
graph and ~ua rd ian  newspapers, they say 
that "it is a dangerous mistake ... t o  as- 
sume that all statements claiming t o  be 
scientific can be taken at face value." 

The letter follows a public statement 
from 21 scientists in defense of protein 
chemist Arpad Pusztai (Science, 19 Febru- 
ary, p. 1094). Last summer, Pusztai was 
suspended from his post at the Rowett Re- 
search Institute near Aberdeen after 
declaring in a TV documentary that his un- 
published research indicated that potatoes 
genetically altered t o  resist pests stunted 
growth and suppressed immunity in rats. 

One signatory of the new letter, 
botanist Ghillean Prance, director of the 
Royal Botanical Gardens at Kew, says that 
the Fellows are concerned about several 
recent incidents in which unpublished re- 
sults have been promoted in the media. 
"So much bad science is going into the 
press," he says.The society is convening an 
expert panel t o  review Pusztai's results and 
broader issues related t o  CM foods. 

Meltdown Nuclear research reactors con- 
tinue to  disappear from U.S. university I 
campuses ait'he field 
loses ground to  other 
disciplines. Last month. 
Iowa State University 
in Ames finalized 
plans to dismantle by 
next year its 10-kilo- 
watt minireactor, whose 
$200,000-a-year bud- 
get became an unjustifi- 
able expense after the 
school closed its nuclear 
engineering program a 
few years ago. 

The 40-year-old reactor (above) be- 
comes the 43rd campus-based atomic plant 
to  close since 1975, leaving about 30 oper- 
ating academic reactors. Up to a third of the 
remaining plants could close within the 
next decade, experts say, due to  operating 
cost concerns and relicensing expenses. Sev- 
eral advisory panels have called on the De- 
partment of Energy to  stem the decline, 
which they say threatens a wide range of 
engineering, materials, and physics research. 

Contributors: Daniel Clery and David 
Malakoff 
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versity of Trento in Italy. "This causes com- heart muscle, triggering a severe inflamma- peptide found in three strains of C. tmchoma- 
pressive stress in the material." tion. If something similar occurs in human tis, the culprit in sexually transmitted diseases. 

This first stage of the procedure is much beings and the inflammation also plays a They also found similar, but not identical, 
like traditional chemical tempering. But in a role in the formation of the artery-clogging peptides in C. pneumoniae and C. psittaci, 
new twist, says Sglavo, the researchers then plaques of atherosclerosis-two big ifs-the known to cause respiratory infections. 
reversed the direction of ion exchange. They The researchers soon - 
briefly immersed the glass in a mixture of 
molten sodium and potassium nitrate. Some 
of the potassium ions migrated from the 
glass back out into the bath. The result was 
glass with a very thin surface layer contain- 
ing sodium atoms and deeper layers richer 
in the potassium deposited by the first treat- 
ment. "Right at the surface some of the 
compressive stress is released," says Sglavo. 

When the researchers tested their glass 
samples under increasing loads, they found 
that their strength was up to 5 times that of 
typical window glass. Sglavo reports that they 
could flex a 10-centimeter piece of glass by 
more than 1 centimeter in its center. "Usually 
you break it," he says. And when they flexed 
it, they observed small cracks forming on the 
convex surface. "This is the indication of a 
critical condition like you see in plastic or in 
metals," says Sglavo. Although glass tem- 
pered with such a stress profile would cost 
more than normal window glass, the re- 
searchers believe such a ''safer" glass would 
be very valuable for certain purposes, such as 
car windscreens. The computer industry 
would also welcome thinner, stronger glass 
for light-weight displays, says Green. 

-ALEXANDER HELLEMANS 
Alexander Hellemans is a writer in Naples. Italy. 

Chlamydia Protein 
Linked to Heart Disease 
Nature has its share of copycats, which rely 
on deceit to escape predators: insects that 
look like the sticks they walk on, frogs dis- 
guised as leaves, harmless butterflies that 
model themselves after their poisonous 
cousins. Even microbes disguise themselves 
with proteins that mirror those of their host as 
a way of evading detection by the immune 
system. But such molecular mimicry may 
harm the host as well as protect the microbe 
by causing the immune defenders to rnistak- 
enly turn on the body's own tissue. Over the 
past year, investigators have implicated 
molecular mimicry in an eye disease and 
chronic Lyrne arthritis, and now in one of the 
most common serious illnesses: heart disease. 

On page 1335, a team led by immunolo- 
gist Josef Penninger of the Ontario Cancer 
Institute and the Amgen Institute at the Uni- 
versity of Toronto reports that the bacterial 
pathogen Chlamydia makes a peptide that 
mimics a portion of a heart muscle protein. 
In mice, the bacterial peptide can cause im- 
mune sentries known as T cells to attack the 

Antigenic mimicry "'" " 
niune cells, when activat- 
ed in a tilouse injected 
with the Chlam~,dia pro- 
teins and then transferred 
to another mouse, could 
also cause the same 
heart-destroying re- 
sponse in that animal. 

But perhaps the most 
Copycat. Chlamydia bacteria, seen upper right emerging from an in- crucialevidence of all 
fected cell, carry a peptide resembling one in heart myosin. As shown was the finding that live 
in  the diagram, this peptide, when displayed by antigen-presenting bacteria pumped by 
cells (APC), can trigger T cells (pink) that attack both Chlamydia and catheter and syringe into 
heart cells, thus causing heart muscle inflammation (lower right). the noses or genital 

tracts of mice caused 
work may provide a molecular explanation subsequent heart inflammation. The re- 
for a long-suspected link between infections searchers also found that the mice made anti- 
and heart disease. bodies to the bacterial and heart peptides, and 

So far, the evidence for that link has been also to a third peptide from another heart pro- 
circumstantial: a stream of studies associating tein-a telltale sign of an overzealous im- 
cardiovascular disease with infection by mune response, the researchers say. "We have 
agents including Chlamydia (Science, 3 July proven that a bacterial infection in the genital 
1998, p. 39 ,  plus a report in the 3 February tract or lungs can lead to cardiac inflamma- 
1999 issue of the Journal of the American tion," Penninger says. "Our paper takes this 
Medical Association that antibiotic use re- out of the realm of epidemiology and really 
duces the risk of heart attack. But researchers says this is a causal link of how Chlamydia 
have had little idea about how infections could work to cause heart disease." It also irn- 
might lead to heart problems. The new study, plies that preventive treatment with antibi- 
says epidemiologist Hershel Jick at Boston otics might thwart some cases. 
University, who co-authored the J M  report, Other researchers are cautious, however. 
could "give us an important piece of the puz- Cardiologist Brent Muhelstein at the Univer- 
zle in the story of infection and heart disease." sity of Utah in Salt Lake City and others note 

Penninger and Kurt Bachmaier, a postdoc that the inflammation resulting from the 
in his lab, had previously shown that injecting mimicry seems confined to the heart muscle 5 
a fragment of the heart muscle protein itself rather than extending to the arteries, 
myosin into mice causes severe inflammatory where it could trigger the plaques characteris- 
responses in the animals' hearts. To Pen- tic of atherosclerosis. In addition, C. tra- $ 
ninger, this suggested that the immune sys- chomatis, which evokes the strongest re- 
tem was mistaking the heart peptide for sponse in Penninger's study, hasn't yet turned $ 
something foreign-perhaps a peptide in a up in atherosclerotic plaques. 2 

2 - 
microbe to which the mice had previously And even if Chlamydia infections are in- $ 
been exposed. To come up with a likely sus- volved in human heart disease, researchers 
pect, the team plugged the sequence for the will want to know why many people escape 
offending peptide into sequence databases. the problem, even though Chlamydia infec- 5 

The researchers expected to f i d  a related tions are very common. One possibility, of 
peptide in something like the Coxsackie B3 course, is that such well-established risk fac- 
virus, long known for infecting heart muscle. tors as smoking and high blood cholesterol !2 
But to their surprise, the sequence of the concentrations also influence how the body 
myosin fragment closely matched that of a responds to Chlamydia. 

u " 
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