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at The Scripps Research Institute in La Jolla, 
Califomia, notes that Haber's results point to 
the most obvious candidates. "One wonders 
whether different cancers could be explained 
by mutations in human versions of some of 
the other half-dozen or so yeast checkpoint 
genes around," he says. 

And because LFS patients with p53 or 
hCHK2 mutations are virtually indistin- 
guishable, Haber thinks there may be a link 
between the two proteins. "The most fasci- 
nating possibility is that p53 is directly 
phosphorylated by chk2," Haber speculates. 
For cell cycle expert Stephen Elledge of 
Baylor College of Medicine in Houston, 
Texas, a direct path from DNA damage via 
chk2 to p53 "makes perfect sense." He notes 
that although yeast does not have a p53 
gene, the organism makes other proteins 
that, when phosphorylated by chk2, induce a 
cell cycle stop, much as p53 does. 

Still to be worked out are the details of 
where chk2 fits into the checkpoint control 
program in human cells. But, says Thanos Ha- 
lazonetis of the Wistar Institute in Philadel- 
phia, whose as yet unpublished results support 
a direct chk2-p53 link, "the interesting thing is 
that genes mutated in cancer fall in a very 
small number of si&g pathways, and the 
p53 pathway-including chk2-is likely the 
most hp0rtaIlt one." -MICHAEL HACMANN 

Link to Parasites 
Grows Stronger 
PHILADELPHIA-As scientists labor to un- 
mask the villain behind a 
rash of frog deformities 
across the United States, a 
suspicious character previ- 
ously linked to this odd 
crime in California has 
now turned up in mis- 
shapen amphibians 
throughout the Northwest. 
The suspect-a parasitic 
flatworm, or trematode- 
has also been found in the 
Minnesota pond where the 
discovery of dozens of 

mont, California, who described his team's 
trematode f i g s  here last month at the an- 
nual meeting of the Society of Environmental 
Toxicology and Chemistry. But the circum- 
stantial evidence suggesting that the worm is 
a major culprit has researchers womed that it 
is being nourished by a surfeit of nutrients, 
mainly chemicals in fertilizers, building up in 
U.S. watersheds. 

Since students at a Minnesota middle 
school chanced upon misshapen northern 
leopard frogs on a field trip 4 years ago, de- 
formities have been reported in more than 50 
amphibian species in 44 states. Some scien- 
tists worry that the frogs are a "canary in a 
coal mine," the earliest victims of a develop 
mental poison that may end up harming hu- 
mans-too much UV light penetrating the 
thinning ozone layer, for example, or pollu- 
tants such as pesticides. 

In a step toward unraveling this mystery, 
Johnson and his colleagues reported last 
spring that the trematode Ribeimia burrows 
into tissue around the pelvic area, where a 
tadpole's limbs begin forming. There, the 
parasites encase themselves in cysts that 
may influence limb development by pushing 
cells around or by secreting hormonelike 
chemicals. Besides finding the parasites in 
Pacific tree frogs with extra or missing legs 
in northern California, the team infected 
tadpoles in the lab with the trematode, raised 
them to metamorphosis, and observed de- 
formities mirroring those seen in the field 
(Science, 30 April, p. 802). 

Wondering if frogs outside California are 
also falling victim b the dread worm, the re- 
searchers spent last summer crisscrossing six 

northwestern states in a 
van, collecting frogs, 
toads, and salamanders 
from 103 ponds, including 
42 ponds where deformi- 
ties were found in six 
species at rates ranging 
from 5% to 90%. The mis- 
shapen amphibians at 40 
of 42 ponds had Ribeitoia, 
while those from normal 
ponds almost never had 
the parasite. A brief search 
in Minnesota also turned 

frogswithtwisted,missing, Abnormal growth. A worm up the trematode-includ- 
or extra legs touched off a caused the limb deformities in this ing at the Ney pond, where 
hunt for the perpetrator. Lab-raised Western toad. deformed frogs were first 

Linking trematodes to spotted, and another hot 
more crime scenes doesn't mean the case is spot. Bolstering its fieldwork, the team has 
closed-far from it. Abnormal frogs from shown that trematodes can cause deformities 
some ponds still test negative for the parasite, in the lab in a more terrestrial amphibian: the 
sustaining the notion that chemicals or high Westem toad (Bufo boreas), another denizen 
doses of ultraviolet 0 light might also be of the &cted ponds. "The fact that they can 
messing with frog development. "Without induce [deformities in] another species gives 
question there are other things that can cause [the theory] more breadth," says Andrew 
[deformities]," says ecologist Pieter Johnson Blaustein, an ecologist at Oregon State Uni- 
of Claremont McKenna College in Clare- versity in C o d i s .  

The f i g s  do leave the chemical theory 
a leg or two to stand on. Although the north- 
western waters tested fiee of pesticides, says 
Johnson, many of the ponds have a "long his- 
tory of fertilizer input or cattle grazing." He 
speculates that such nutrients could be an ac- 
cessory to the crime by spurring algal growth, 
which in turn would boost populations of 
Ribeimia's primary host, an aquatic snail. 
Others see a more direct role for chemicals. A 
group led by toxicologist Jim Burkhart of the 
National Institute of Environmental Health 
Sciences in Research Triangle Park, North 
Carolina, has found that the water itself from 
the Ney pond and other sites can cause defor- 
mities in pamite-fiee Afiican clawed frogs, a 
widely used lab species. "It's not either-or," 
says Burkhart. '"There are factors in the water 
that contribute to malformations." He be- 
lieves that mixtures of unidentified hormone- 
like chemicals in the water, as well as the 
trematodes, each can trigger deformities. And 
they may work in concert, Burkhart says: 
Chemicals could be predisposing the frogs to 
trematode infections by weakening their im- 
mune systems. 

So far, it hasn't been shown that trema- 
todes are killing off significant numbers 
of hgs-they have only been blamed for de- 
formitie- they don't appear to play a role 
in the worldwide decline of amphibians, notes 
parasitologist Peter Daszak of the University 
of G e q p ,  Athens. But Blaustein has a prime 
murder suspect: He's found that even low con- 
centdons of nihtm from fertilizers can di- 
rectly kill larvae of several Westem species in 
decline, including the Cascades frog, one of 
the species with deformities. "The message 
on the effects of fertilizers is important," 
Blaustein says. "Fertilizers are every&ere!' 

-JOCELYN KAISER 

Possible Clock 
Messenger ldentif ied 
A clock is useless unless it has an output- 
hands, a digital display, or an alarm. The 
same goes for the 24-hour molecular "clock" 
that ticks in organisms from bacteria to hu- 
mans. To impose its rhythm on behaviors 
such as activity, sleep, anh feeding, the oscil- 5 
lating molecules that make up the clock must 
communicate, through some kind of outgoing 2 
signals, to the brain areas that drive those be- 
haviors. Now researchers working in fruit 
flies have for the first time put their hands on O 

a good candidate for such a messenger. 
In this week's issue of Cell, a team led by 

Paul Taghert at Washington University in St. 2 
Louis and Jeff Hall at Bmdeis University in $ 
Waltham, Massachusetts, reports evidence 
that a peptide called PDF is a key outgoing 
clock signal. The researchers have shown that 
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