
tures of the 100,000 or so human proteins 
whose genes are currently being sequenced 

NMR Researchers Look to the b y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 ~ ~ t e c h n i 4 u e s  
developed over the past year, next-generation Next Generation of Machines machinesshouldbeabletoresolve~roteins - - - - - - 

twice as large as those that can be taikled by 
current NMR technology-and produce re- 

Paul  Ellis is expecting big things from the clei behave like tiny bar magnets and align sults faster than ever. That's "a tremendous 
machine that will be delivered this summer to when put into a magnetic field. Researchers advance," says David Wemmer, an NMR 
his team at the Pacific Northwest National then disrupt that alignment slightly and use spectroscopist at the University of California, 
Laboratory (PNNL) in Richland, Washing- the telltale oscillation, or precession, of nu- Berkeley, and the Lawrence Berkeley Na- 
ton: He's bettine it will launch both a scien- clei around the maenetic axes to identifv the tional Laboratorv. Researchers could look at 
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tific and a cultu&l revolution. The machine, nature of particulzr atoms and their posi- how proteins l& to other proteins and to 
the first of a new generation of nuclear mag- tions. But heat weakens the magnetic signal DNA-lmkages that are at the heart of gene 
netic resonance spectrometers, should allow by buffeting many of the aligningnuclei into transcription and signal transduction, two of 
researchers to work out the structures the hottest areas in molecular biology. 
of molecules-ranging from large 1.50 
protein-DNA complexes to the sur- 
faces of catalysts--with greater pre- A 1.25 
cision than ever before. The cultural E 
revolution will come when these in- 1.00 
struments become more widely avail- -S 
able: They could transform nuclear .g o.75 
magnetic resonance (NMR) studies - 
into a Big Science enterprise. Q) 

c 
For the past 50 years, NMR ma- 3 0.50 

3 chines have been cheap and small 
enough to allow hundreds of indi- 0.25 
vidual investigators to buy and 
house their own. Next-generation 0 

- 
"The potential return for going to 
higher fields is greater than ever be- 

- fore," says Prestegard. 
In addition toprobing the structures 

- of ever-larger proteins, the new ma- 
chines are also expected to help re- 

- searchers look at smaller samples than 
ever before, a feat especially prized 
by materials researchers. Current- - 

&: generation machines have given NMR 
500 MHz 600 MHz researchers their first glimpses of the 

- structures of surfaces. (Older machines 
required large chunks of bulk materials 

I I I I I rather than the tiny amounts seen on 
NMRs will be different. With a 1 950 1 960 1970 1980 1990 2000 surfaces.) Next-generation machines 
powerful magnet at its heart, PNNL's Year of introduction will likely extend this feat, using faint 
new $7 million NMR will stand Leaping forward. Successive generations of NMR ma- signals that show UP only at high 
7 meters high, be surrounded by a chines contain ever-larger magnets, boosting both per- fields to track the behavior of atoms 
shield made of 113 tons of iron, and formance (measured in megahertz, MHz) and cost. on the surfaces of catalysts and elec- 
hold some 240 kilometers of super- trons in high-temperature supercon- 
conducting wire. "It's not something every- pointing in the opposite direction. More pow- ductors. "High-field WMR] experiments can 
body can have in the basement," says Ellis, erful external magnets help counteract those have a significant impact on our understanding 
an NMR spectroscopist. And many NMR effects and give a stronger signal, explains Jim of materials chemistry," says Ellis. 
experts believe the high cost of the new ma- Prestegard, a structural biologist and NMR ex- But to realize all this scientific potential, 
chines will force changes in the way NMR pert at the University of Georgia, Athens. these behemoths will have to be accessible. 
technology is funded. Not only will the field So over the years, NMR makers have The new machiiespush current magnet tech- 
require more total money, but grants are put ever larger magnets into their ma- nology to the limit--and they won't come 
likely to go to large centers rather than indi- chines (see graph). Today's top-of-the- cheap. "The cost of these magnets is going up 
viduals, forcing traditionally independent line, 750-megahertz (MHz) machines (named exponentially" with each new generation, 
scientists to coordinate their research. for the speed that protons in the machines says Wright. The initial 900-MHz machines 

"This is a community that is more or less precess) are outfitted with 17.6-tesla mag- weigh in at $7 million apiece, compared to 
oriented to doing small science," says Bob nets; PNNL's 900-MHz machine will have about $500,000 for the garden-variety NMR 
E i t e i n ,  assistant director of the Mathemat- a 21-tesla magnet. And plans are already used in hundreds of individual labs today. 
ics and Physical Sciences directorate at the on the drawing board for 1000-MHz or And getting the larger magnets needed for 
National Science Foundation (NSF), who 1-gigahertz (GHz) machines, which would 1-GHz machines "will certainly require new 
spoke last month at a workshop* to discuss the require fields of more than 23.5 tesla. technology," possibly wires made from high- 
coming technological turning point in NMR Bigger magnets mean machines that are temperature superconductors, which can bet- 
studies. "There are alwaysalotofbirthingpains more sensitive-able to detect faint signals ter withstand high magnetic fields, says mag- 
inmakingthe transitionfromdoingonestyleof from smaller sample-and have better reso- net expert Robert Griffin at the Massachu- 
science to another," he adds. lution, or the ability to sort out one nuclear setts Institute of Technology in Cambridge. 

Next-generation NMR machines earn signal from another, a trait important in The price tag for these futuristic machines is 
their name from the massive magnets at their studying large molecules. "They can propel expected to top $10 million. 
core, which boost both performance and cost. science into new directions," says Peter Participants in last month's workshop urged 
To map the structure of atoms in a molecule, Wright, an NMR expert at The Scripps Re- more funding for NMR, pointingout that so far 
NMR exploits the fact that some atomic nu- search Institute in La Jolla, California. For it has been apoor cousin to the rival technique 

example, the new machines are likely to of x-ray crystallography. Through 1994, the 
* "High Field NMR: A New Millennium Re- make a big splash in tackling such problems United States spent $230 million to equip aca- 
source," Washington, D.C., 15-1 6 January. as identifying the three-dimensional struc- demic departments withNMR, compared with 



about $1 billion that the U.S. Department of 
Energy (DOE) has spent since 1988 to build 
just two of the premier U.S. x-ray synchrotron 
facilities and upgrade two others. Crystallogra- 
phy is often faster and better able to decipher 
bigger molecules, but NMR works on mol- 
ecules in solution, a more natural state for 
biological molecules such as proteins. NMR 
researchers already solve nearly one-quarter of 
the 900 or so new protein structures com- 
pleted each year, and the resolution of the 
new NMRs is expected to be nearly on a par 
with that of crystallographers, says Wemmer. 

Even if new NMR funds materialize, how- 
ever, "these very high field magnets are getting 
beyond the ability of individual institutions to 
acquire [them]," says Wright. And if the PNNL 
facility and another planned in Florida wind up 
being the only facilities constructed, "there's 
no way we'll satisfy all the people who want to 
use these machines," warns Ellis. 

To soften the blow, Jack Crow, director of 
the National High Magnetic Field Laboratory 
in Tallahassee, Florida, and others have pro- 
posed that funding agencies set up regional 
centers to house the new machines, an idea 
that got a thumbs-up from meeting attendees 
such as Griffin. Researchers could use their own 
NMR machines to do preliminary work on 
molecular structures, then travel to regional 
centers to collect a relativelv small amount of 
data to sharpen the resolution-a practice al- 
ready used by crystallographers. 

Such cooperation has occurred tempo- 
rarily whenever manufacturers introduce a 
new line of cutting-edge NMRs, until bulk 
manufacturing pushes the price lower, says 
Griffin. But thanks to the high materials cost 
of the superconductors, next-generation ma- 
chines are likely to stay pricey-and few in 
number-for an indefinite period. That will 
require extended cooperation both among 

researchers as well as the federal agencies 
that normally fund NMR research-DOE, 
NSF, and the National Institutes of Health. 

"It's a cultural shift," says Griffin. He and 
others say that the new machines will trans- 
form the NMR community from a collec- 
tion of independent researchers to a group 
that carefully reviews-and prioritizes-each 
other's research to vet access to the high-end 
machines. One o ~ t i o n  discussed at the meet- 
ing was to extend collaboration even further 
by wiring up next-generation NMR centers 
with high-speed data and Internet links. Re- 
searchers around the countrv would then send 
their samples to a regional 'lab, log onto the 
Net at a scheduled time, and run their exueri- 
ments remotely. But before that shift ;akes 
place, say Eisenstein and other agency offi- 
cials, it will be up to the NMR community to 
make the case that the change will be worth it. 

-Robert F. Service 

Young Physicists Despair of Tenured Jobs - skllls are much more likely to be exercised out- 
IJhysics is the search for universal laws that 
stand the test of time. But for recent Ph.D.s in 
the United States, doing physics can be an 
endless search for a tenure-track faculty open- 
ing. Ever since a faltering economy and the 
end of the Cold War flooded the academic job 
market with physicists in the late 1980s and 
early '90s, the bad news about physics careers 
has kept coming. New studies suggest that in 
spite of jobs spawned by a resurgent economy, 
a minuscule percentage of young physicists 
can expect to move from a postdoc to a plum 
faculty job-and they are painfully aware of 
their poor prospects. 

The American Institute of Physics (AIP) 
estimates that during the 1995-96 academic 
year, when 1438 new physics Ph.D.s were con- 
ferred in the United States, only about 50 post- 
docs-the next step up from a Ph.D.-moved 
on to tenure-track jobs in Ph.D.-granting phys- 
ics departments. Although there's no compa- 
rable analysis of job movement for previous 
vears, some observers are drawine an obvious 
conclusion. "The bottom line isyhat the job 
problem in physics is not over," says Sherrie 
Preische of the American Physical Society's 
(APS's) Executive Office. Because most of the 
new jobs have appeared in "nontraditional" 
areas such as engineering and finance, the APS 
is now boosting efforts to prepare new physi- 
cists for careers outside academia. 

The AIP's iobs analvsis* did reveal some 
encouraging signs. In 1996, for the first time 
since the earlv 1980s. more new Ph.D.s were 
hired into "potentially permanent" jobs than 

* See AIP's 1996 Initial Employment Report at 
http:iiwww.aip.orgistatisticsitrendsltrends htm 
for numbers and links to further details. 

into uostdocs. But most of those iobs were out- 
side physics, in areas such as engineering and 
computer software. A young physicist seeking 
an academic post still faced crushing competi- 
tion. About 400 temporary and permanent fac- 
ulty jobs were filled in all degree-granting insti- 
tutions over 1995-96-a figure that has re- 
mained "remarkably stable" for years, says Ro- 
man Czujko, manager of AIP's education and 
emulovment statisticsdi- . 

side academia, says Roy Richter, a senior re- 
search scientist at General Motors Global 
R&D Operations and a member of the APS 
Committee on Careers and Professional De- 
velopment. Indeed, the APS survey found 
that junior members who had already made 
the switch to industry were more content than 
postdocs were. "The Ph.D. is becoming more 
like a set of tools that you can then apply to 

other areas." savs lames . , 60 . , .  
vision. But most of those Kakalios, a professor at 
jobs were filled not by the University of Min- P 
postdocs or new Ph.D.s, nesota who says his 
but by more experienced 40 '2 students have been 
physicists, often from E particularly successful 

0) 
industrial labs or other g 30 in finding work at small 
physics departments. $ companies, such as 

The toll on young 20 4 those that make com- 
physicists' morale has E puter components. 
been heavy, as Preische I 

E "Physics depart- 
found in a separate sur- ments should take note 
vey, published alongwith O Tenured Tenure-track Temporary of where their graduates 
the AIP's job numbers in are finding their career 
the February APS News. paths," says Barett Rip- 
Fully 70% of the 592 jun- in of the APS, who 
ior members of APS helped form the careers 
whom she sampled said Experience counts. Senior physicists got committee. To educate 
that their peer group is most of the jobs that opened at Ph.D. departments about ca- 
upessimistic with regard granting institutions in 1995 to 1996. reer alternatives, the 
to career prospects," and committee is devel- 
40% "would not advise someone to pursue a oping resources such as speakers and industry 
career in physics." Glen Crawford, a postdoc at internships, and it plans to hold an open dis- 
the Stanford Linear Accelerator Center, says cussion of these programs during the spring 
he wasn't surprised by these findings. During APS meeting in Los Angeles next month. As 
his physics education, he says, "there was the Crawford says, all this might help students real- 
implicit assumption that you would always be ize "that, hey, maybe you're not going to be a 
doing physics research. So the prospect of not ~rofessor at Rattlesnake University. Maybe 
doing physics can be depressing." you'll be at Applied Materials." 

Young physicists need to realize that their -James Glanz 
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