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then drawn into the cell's interior and the 
cholesterol freed in a com~artmentlike cell 
organelle called a lysosome. 

Brown and Goldstein found that choles- 
terol ultimately gets incorporated into the cell 
membrane or repackaged for storage or break- 
down. They and others also showed that when 
a cell is glutted with cholesterol, feedback 
mechanisms kick into action: The cell stops 
making LDL receptors and shuts down its own 
cholesterol-synthesizing processes. 

Even though Brown and Goldstein worked 
out much of the beginning and end of cho- 
lesterol's journey, "how free cholesterol moves 
out of the lvsosome and into other Darts of the 
cell [remakedl a black box," explains George 
Rothblat, a cell biologist at the MCP- 
Hahnemann School of Medicine in Philadel- 
phia. "This is where the defect is in Niemann- 
Pick disease." Somehow, the defective pro- 
tein hampers the cholesterol's movement 
through the cells and the feedback mecha- 
nisms that control its level. "It's a protein 
that's screaming for attention," says Liscum. 

Already, an examination of the NPCl pro- 
tein has revealed a stretch of amino acids where 
it resembles other proteins known to interact 
with cholesterol to regulate its level. Another 
section of the NPCl protein looks as if it may 
somehow interact with the lysosome. In be- 
tween are 16 regions with sequences that indi- 
cate, says Carstea, that "this [protein] is locked 
in a membrane" somewhere inside the cell. 

Making sense of those clues will take more 
study, but in the meantime, the gene may lead 
to other trafficking molecules. "There could 
be a whole family of these proteins," says 
Goldstein. For example, a very small subset of 
people with Niemann-Pick type C disease 
have a different genetic defect, located on 
another chromosome. It affects a protein that 
seems to function as a trafficking molecule, 
much like the NPCl protein. 

The  identification of the NPC1 gene may 
also be a step toward developing a treatment. 
"We're hopeful that having the gene will let 
us get at a therapy faster," says Liscum, who 
hopes to use cell cultures and mice to screen 
for drugs that might slow cholesterol buildup 
in Niemann-Pick children. She cautions, 
however, that "it's going to be a long time 
coming in having an impact on kids." 

While Cindy Parseghian realizes that the 
new gene find may not help her daughters, 
she thinks it mav h e h  other familv members. , L 

by leading to a way to test for the mutant 
gene in those who do not have symptoms, 
including her one healthy son. In the mean- 
time, she and her husband make the best of 
the time they have with their daughters. "We 
can look at our children as if they were dying, 
or we can look at them as though they are 
living," she points out. "They look at life as if 
they are living, and that's what we try to do." 

-Elizabeth Pennisi 

NUCLEAR PHYSICS 

Accelerator Probes the 
Private Lives of Nucleons 
Census data can tell us much about how the 
average person lives, but they inevitably miss 
the interplay between individuals that ulti- 
mately makes our societies tick. Nuclear 
physicists face similar difficulties in their at- 
tempts to fathom the crowds of particles that 
populate the atomic nucleus. Nuclei contain 
as many as a few hundred protons and neu- 
trons, collectively known as nucleons, as well 
as a sea of other particles that bind the nucle- 
ons together. The interaction of so many par- 
ticles is immensely complicated, so physicists 
have had to content themselves with models 
that average out nucleon behavior. 

Now, however, a team at NIKHEF, the 
Netherlands's National Institute for Nuclear 
and High-Energy Physics in Amsterdam, has 
been able to coax pairs of protons out of the 
nucleus just at the moment when their interac- 
tions are at their most intense, revealing the 
intimate relationships that deter- 
mine how the nucleus works. 

proton 

sons. However, calculating the details ofhow 
the hundreds of nucleons and mesons inter- 
act is impossibly complex, so physicists fall 
back on statistics. They define a single, aver- 
aged force field, or mean field, which de- 
scribes how a nucleon interacts with its aver- 
aged neighbors. Mean-field models "are able 
to reconstruct and explain a lot of details 
with enormous accuracy in nuclear struc- 
ture," says Onderwater. "Until now, these 
mean-field approximations worked fine." 

But experiments are beginning to reveal 
cracks in these models. According to Onder- 
water, experiments using electrons to knock 
out single protons only seem to see about 65% 
of the proton ppulation in the nucleus. More- 
over, the momentum of many of the knocked- 
out protons is unacceptably large according to 
mean-field models, which predict that such 
boisterous nucleons should spontaneously fly 
out of the nucleus. "A proton in the nucleus 
spends only a fraction-albeit a sizable o n m f  
its time in this average field," says Dickhoff. "In 
fact, because it interacts strongly and collides 
with other nucleons, it spends about 35% of its 
time doing 'other' things." - - 

Theorists are now attempting to patch up 
the mean-field model by incorporating short- 
range correlations (SRCs) between nucleons, 
describing how nucleons influence only their 
nearest neighbors and not the nucleus as a 
whole. The main short-range effect is a switch 
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proton detector from attractive to repulsive forces when 
pair 

Hard knock. An elec- 
tron dislodges a close- 
kn~t palr of protons 
from a nucleus. 

is how the fact that the two nucleons are bound 
in the nucleus ~nfluences their mutual interac- 
tion," says NIKHEF's Gerco Onderwater. 

Other nuclear physicists are thrilled to 
have this intimate glimpse of nucleons, which 
the Dutch team offers in the 30 June issue of 
Physical Review Letters. "The NIKHEF experi- 
ment demonstrates that it will be possible to 
learn about how protons interact with each 
other ins& the nucleus," says Wim Dickhoff 
of Washington University in St. Louis. Adds 
Carlotta Giusti of the University of Pavia in 
Italy: "This is a fundamental milestone in the 
understanding of nuclear structure." 

Each nucleon is made up of three quarks 
bound by the strong nuclear force. This force 
also holds nucleons together as they ex- 
change force-carrying particles called me- 

nucleons are very close together. The repul- 
sion ultimately keeps nucleons apart and pre- 
vents nuclei from collapsing to a fraction of 
their normal size. 

In this ~ i c t u r e .  nucleons consist of a 
repulsive quark core surrounded by a cloud of 
attracting mesons. "The high energies and mo- 
menta arise from violent collisions in which 
the quark cores touch each other," says Derek 
Branford of the University of Edinburgh in the 
United Kingdom. The NIKHEF experiment, 
he says, sets out to test this image. "It is de- 
signed to catch two protons at the time they 
are so close that the quark cores are touching, 
and knock them out of the nucleus." 

T o  do ths .  the NIKHEF team modified its 
Amsterdam Pulse Stretcher electron accel- 
erator, transforming its beam of brief elec- 
tron pulses into a more or less continuous 
beam, to increase the chances of catching 
close interactions. The beam. which has an 
energy of 584 mega-lectron volts, is trained 
on a water target surrounded bv three detec- 
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tors. One  captures electrons that bounce 
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