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Eight Get the Call to Stockholm 
This year's Nobel Prizes in science and economics were awarded for work on cell signaling, neutron 

scattering, organic chemistry, and game theory that has influenced decades of later research 

Medicine: A Signal Award for 
Discovering G Proteins 

The smooth running 
of virtually any com­
munity depends on 
good communica­
tions between indi­

vidual members. And 
the same goes for the 

body, which could not 
survive without the intricate 

web of chemical signals—hormones, neu­
rotransmitters, growth and differentiation 
factors—that coordinate the activities of its 
diverse populations of cells. No wonder then 
that the pathways that convey those signals 
to the cell interior have proved to be a fertile 
source of biological knowledge—and of 
Nobel Prizes. This year's prize for physiology 
or medicine is the latest in a string of awards 
going back several decades for discoveries 
that have helped decipher these pathways. It 
goes to pharmacologist Alfred Gilman o( the 
University of Texas Southwestern Medical 
Center in Dallas and biochemist Martin 
Rodbell of the National Institute of Environ­
mental Health Sciences in Research Tri­
angle Park, North Carolina, for their discov­
ery in the late 1960s and 1970s of key path­
way molecules known as "G proteins." 

The award had been expected for some 
time because researchers have found that 
these proteins, which help re­
lay signals received at the cell 
membrane into its interior, af­
fect an extremely wide range of 
biological activities (Science, 
29 September 1989, p. 1446). 
"The rough number I give is 
that at least a third of signal 
transduction processes involve 
G proteins," says Lubert Stryer 
of Stanford University, who is 
himself an early pioneer of G 
protein research. For example, 
they are part o( the pathways 
that enable cells to respond to 
hormones like epinephrine and 
glucagon, which help regulate 
fat and glucose metabolism, 
and to neurotransmitters such as acetylcho­
line. They are also part of the eye's light-
sensing system as well as the odor-detecting 
system of the nose. Or as Gilman puts it, G 
proteins are involved in "everything from sex 

G protein isolator. And 
Alfred Gilman's group puri 
tied the first of the breed. 

in yeast to cognition in humans." 
One indication of their importance, says 

another longtime worker in the field, Henry 
Bourne oi the University of California, San 
Francisco, is that "some 50% to 
60% of the drugs used in clini­
cal medicine work on the re­
ceptors that talk to these G pro­
teins." They include such widely 
prescribed medicines as the 
beta-blockers used to treat high 
blood pressure and heart ar­
rhythmias. What's more, G pro­
tein malfunction contributes to 
serious human diseases, includ­
ing cholera, whooping cough, 
and perhaps even cancer. 

Both Rodbell and Gilman 
credit the late Earl Sutherland 
with providing the inspiration 
that started them on the path 
that led to their ground-break­
ing work. It was Sutherland, working with 
Theodore Rail in the 1950s at what was then 
Western Reserve University in Cleveland, 
who provided one of the first clues to 
how hormones transmit their signals to the 
cell interior. 

Most hormones never enter cells them­
selves, but instead bind to specific receptors 
on the outer cell membrane, an event that 
sets in motion the chain of events leading to 
the appropriate cellular responses. Suther­

land and Rail were trying to 
I decipher how this binding 
£ kicks the cell into action. They 
^ provided part of the answer by 
s showing that epinephrine ex­

erts its effects by stimulating 
the production inside cells of 
a previously unknown com­
pound called cyclic AMP (ad-
e n o s i n e - 3 ' ^ ' - m o n o p h o s ­
phate). For the discovery of this 
first "second messenger," Suth­
erland received the 1971 medi­
cine Nobel. 

Still, Sutherland's work had 
not revealed just how the bind­
ing of epinephrine to its recep­
tor might stimulate cyclic AMP 

formation. Enter Rodbell. In the late 1960s, 
while still at the main campus of the Na­
tional Institutes oi Health in Bethesda, 
Maryland, he decided to tackle the problem. 
At the time, researchers generally believed 

Foundation layer. Martin 
Rodbell's work pointed to 
G proteins' existence. 

that adenylyl cyclase, the enzyme that syn­
thesizes cyclic AMP, was an integral part of 
hormone receptors. But when Rodbell stud­
ied how hormones affect cyclic AMP pro-

m duction in isolated fat cells, he 
| came to a different conclusion. 
£ He found that several hor-
| mones stimulate cyclic AMP 
g production in the cells, and 
| that they act through different 
i receptors. As it seemed un-
£ likely that all the receptors 
I would have their own adenylyl 
§ cyclase activity, Rodbell pro-
« posed that the enzyme was a 

separate molecule in the cell 
membrane. When receptors 
are activated by binding to a 
hormone, Rodbell surmised, a 
third molecule, which he 
called a "transducer," links up 
with the adenylyl cyclase and 

initiates cyclic AMP synthesis. This idea, 
Rodbell recalls, "met with great resistance 
for a long time," partly because it ran counter 
to the accepted view of receptor action. 

But in 1970, Rodbell, working with then 
postdoc Lutz Birnbaumer, uncovered a clue 
that would eventually help dispel the skepti­
cism. The researchers found that glucagon, 
another hormone that stimulates cyclic 
AMP production, only exerts its effects if an 
energy-carrying compound called guanosine 
triphosphate (GTP) is present. Danny 
Cassel and Zvi Selinger at Hebrew Univer­
sity in Jerusalem also learned that the com­
pound is broken down when epinephrine 
binds to its receptor. It seemed that some 
energy-consuming step lay in the signaling 
path. And that's where Gilman's work came 
in. Rodbell "laid the foundation," says 
Gilman. "He discovered that GTP was re­
quired, and we discovered why." 

In the 1970s, Gilman, then at the Uni­
versity of Virginia School of Medicine in 
Charlottesville, set out to isolate the various 
membrane proteins needed to trigger cyclic 
AMP production in response to epinephrine. 
As one step toward that goal, Gilman lab 
member Elliott Ross wanted to see if he could 
restore adenylyl cyclase to membranes from a 
line of cells that apparently lacked the en­
zyme and were therefore unable to make cy­
clic AMP. He added a cell extract containing 
the enzyme to the membranes and got the 
expected result: They acquired the ability to 
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&%thesize cyclic AMP when eciosed to 
.I epinephrine. But he also found somethinp 

, I  

'; quite unexpected: As a control, he used an 

$ extract that had been treated to inacti- 
vate adenylyl cyclase--yet membranes 
mixed with this extract also gained the 
ability to make cyclic AMP. It was this 
unexpected result that led to the isola- 

A 
tion of the first G protein. 

Ross and Gilman went on to show \ 
that the test cells in fact never lacked 
adenylyl cyclase; instead, they were missiq 
Rodbell's transducer. This protein .~lorr* 

present in the extracts they added to &(t. 

cells, and that's what restored their cyclic 
- AMP-synthesizing ability. The resear* tT also showed that the protein needs.OTPfor 

% ; its action, a finding which led them &?.givcc it 
" 

its name-4  protein. But even though this. 
biochemical information p& r ludpdul 
guide for the effort to i s o l a ~ t b  protein, it 
took Paul Stemweis and Johrib?mhupofthe 
Gilman group until 1980 to purifj it. 

I twasp&jobW&prote in i s  
2a:Ziny amounts and the tn?aanerr*s 

to G proteins, but work 
irdu&, for 4zzmqAe, 

Chemistry: Snaring Elusive p s  that these intermediates, if they existed, 
Quarry-And a Prize ,. .k< . would be so unstable that they would react 

Qg".: almost instantly with anything they came 

b "" L organic chemists into contact with. For one major class of 
, out a reaction with intermediates, known as carbocations be- 

arrayed on one cause they contain a carbon atom and carry 
prodslcts on the a positive charge, the instability "goes back wle* b v e  out an to acid-base chemistry," says Olah. Carbo- 

od oharacters cations form in a large class of useful reac- 
during tions in which an organic molecule reacts 
these with a base. To force the reaction to take 

tive in- place, chemists add an acid catalyst, which 
dikdiates, make ckiy  ~pk-d appear- briefly lends an extra positively charged hy- 
a m ~ ~  before vanishing again, but they exert drogen to the organic molecule, turning it 
a p o w d l  idhence aver &e way the mi- into a very unstable and reactive acid. This 
tion proceeds. In the 1% Wmity of intermediate tends to react with almost any- 

ing up this hydrogen ion or by 

< %  : P C  ; 
-2 

1 nistry nobelist George Olah. 

characte&i~ of Hampim-bam chep- "We needed to create conditions where 
. itit,Roberts& +:; we could observe these very reactive organic 

acids," says Olah, and his strategy was to fight 
fire with fire. He knew that when compounds 
such as antimony pentafluoride are dissolved 
in water, the result is a "supacid" thousands 

intermdate states no atme & h p  of times stronger than aaditional strong ac- 
ids, such as hydrochloric-acid. Superacids are 
so potent because dx hydrogen ion is paired 
with a complex negative ion containing an 
electron&- d "f%e electron short- 
age makes the a&hmmdy eager to donate 
the positive h- ion to other mol- 

80 years, says C&th, s&ihine even t e n t  so eculesor  to sdclectrons from them. 
&s as to question th& eximnce. "It was a And Mah f d  that by beating carbo- 
k s t a n d i n g  chalbge. ,.. 1 was fortunate cations st their own game, superacids could 
to have found a way tcs solve that puzzle." prevent cabcations from reacting, stabiliz- 

The problem he had to overcome was ing them for months on end-long enough 

High - rocarbons 
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for him to study their structure with nuclear 
magnetic resonance (NMR) and other tech­
niques. Among the early results of this strat­
egy was Olah's discovery that some of these 
intermediates looked nothing like the car­
bon-centered ions familiar to chemists: In­
stead of the usual tetrahedral shape, they 
were pentahedral or even hexahedral. 

Since then, Olah and other chemists 
have developed a whole family of new 
superacids that have made their mark in in­
dustry as well as basic research. By stabilizing 
reactive intermediates, for example, these 
acids can induce or regulate industrially im­
portant reactions, such as those involved in 
synthesizing high-octane gasoline. Other 
chemists are delighted that Stockholm has 
now acknowledged this revolution. "It is 
wonderful to see this field of reactive inter­
mediates being recognized," says Caltech 
chemist Peter Dervan, "and if you had to pick 
a pioneer it would be Olah." 

-Faye Flam 

Physics: Neutron Cartographers 
Lauded for Mapping Materials 

orers of unknown 
Bk realms used to be re-

EL A • t[t*es' anc* money* 
w^^%//m>S& H This year a scientific 

MUM^- ^ f journey into terra in-
\ ^ j f t^ Lf / cognita was awarded 
s. ^C ^s the Nobel Prize in phys-

^ ^ ^ ^ ^ ^ ^ ics. It went to a pair of re­
searchers who developed ways to use beams 
of neutrons—uncharged subatomic par­
ticles—to chart the hidden atomic structure 
and behavior of matter. 

Clifford Shull of the Massachusetts Insti­
tute of Technology earned his half of the 
award for developing a technique called neu­
tron diffraction to determine the location of 
atoms in a sample of material. The other 
laureate, Bertram Brockhouse oi McMaster 
University in Hamilton, Ontario, was hon­
ored for his work on neutron spectroscopy, 
which shows how these atoms move. Devel­
oped more than 40 years ago, the neutron 
probes are widely used today to investigate 
the fundamental properties of materials in 
such widely differing fields as high tem­
perature superconductivity, magnetism, and 
polymer and viral structures. 

"They really opened up a whole new do­
main of condensed matter physics," making 
it possible for the first time to study the 
atomic structure of bulk solids, says Yale 
University physicist and former presidential 
science adviser D. Allan Bromley. "The en­
tire electronics revolution has come from an 
increased knowledge of the behavior of mat­
ter made possible in part by these tech­
niques." And the selection of Shull and 
Brockhouse for the prize is "a natural pair­

ing," says John Axe, a neutron scattering 
researcher and associate director of the 
Brookhaven National Laboratory on Long 
Island, New York; although the two Nobel-
ists never collaborated, their work was ex­
tremely complementary. 

Both Shull, age 79, and Brockhouse, age 
76, began their explorations into the use of 
neutron beams shortly after World War II. 
Earlier, in the 1930s, physicists such as 
Enrico Fermi had suggested that neutrons 
should be able to probe deep within a solid, 
because their lack of charge kept them from 
interacting with the electrons in that solid. 
Neutrons diffract not off an atom's electrons, 
but its nuclei. Shull, who joined a research 
team in 1946 at Oak Ridge National Labora­
tory headed by the late Ernest Wollan, was 
working on a way to use the pattern of 
defracted neutrons to identify how particular 
atoms were arranged in solids. 

The key to determining these arrange­
ments was the understanding borrowed from 
quantum mechanics that neutrons—like 
other subatomic constituents—behave not 
only as particles, but as waves. When neu­
trons interact with atoms in a crystal, they 
produce "scattering waves" that move out 
from the crystal. These waves then inter­
act—either reinforcing each other if they are 
in phase or canceling each other when they 
are out of phase—to produce a unique scat­
tering pattern. And because the direction 
these waves travel depends in part on the 
relationship of atoms in a solid, the scatter­
ing pattern created by neutrons is different 

for different arrangements of atoms in a crys­
tal. (A similar technique, x-ray diffraction, 
uses the same principles in bouncing x-rays 
off electrons around the atoms.) 

The problem Shull was grappling with, 
however, is that the direction scattering 
waves travel also depends on the speed of 
the incoming neutron—and nuclear fission 
reactors, which produce neutrons and had 
just become available to researchers in the 
aftermath of the war, generate neutrons with 
a variety of speeds. So Shull and his col­

leagues set out to produce a "monochro­
matic" beam of neutrons, all of which had 
the same velocity. 

Their solution was to pass beams of these 
diversely energized neutrons through crystals 
of different materials, such as sodium chlo­
ride. Like prisms that separate light into dif­
ferent wavelengths, atoms in these crystals 
deflect neutrons with different energies in 
different directions. The researchers could 
then isolate one beam of neutrons with uni­
form energies and use it as a probe to produce 
the structure-revealing diffraction pattern in 
their test sample. 

Shull and his colleagues also developed a 
similar neutron scattering technique to 
probe the arrangement of magnetic atoms in 
a sample. "That was a big deal because it 
opened the door to studying magnets on an 
atomic level," says Axe. These studies have 
been vital in the development of everything 
from efficient magnets in motors to magnetic 
information storage. 

Shortly after Shull started developing these 
diffraction techniques, Brockhouse joined 
the staff of the Chalk River research reactor 
in Canada and began exploring how atoms in 
a sample move. Thermal energy causes atoms 
in crystals to vibrate, and the vibrations of 
one atom prompt neighboring atoms in the 
crystal lattice to resonate. Because the 
atomic makeup of different crystals is unique, 
each has its own characteristic vibration pat­
tern, A crystal's vibrational energy, mea­
sured in units called phonons, along with its 
electronic characteristics, shapes its ability 

to conduct heat or electricity. 
Brockhouse used neutrons to mea- P 

sure that energy. As neutrons pass £ 
through the lattice they either give up ^ 
or pick up energy from it, thereby 5 
changing their own speed. Brock- | 
house measured the vibrational en- % 
ergy of crystal lattices by comparing \ 
the speed of neutrons entering and S 
emerging from samples. He started i 
with a monochromatic beam of neu- $ 
trons, produced by an apparatus simi- £ 
lar to ShulPs, and passed the beam o 
through his test sample. The neutrons § 
emerged moving at a range of differ­
ent speeds. To identify their speed— 
and therefore how much energy they 
had lost or gained—he simply dif­

fracted them through another crystal, which 
diffracted them in different directions ac­
cording to their velocity. 

"Much of the theory of diffraction and 
lattice vibrations was there," says Brock­
house of his early work. "It just hadn't been 
brought together. And I just realized that it 
could be done with the current technology." 
And with the physics Nobel, the two scien­
tists, always complementary but not collabo­
rative, have been brought together as well. 

-Robert F. Service 

Prize-winning material. Bertram Brockhouse (left) and 
Clifford Shull pioneered ways of using beams of neu­
trons to explore the nature of matter. 
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em ma mi^^: Game Theory's come by unilaterally changing strategy. And Slten has sharpened the idea of an 
Wkmiw Hands Nash greatly extended this work in 1950 equilibrium point to eliminate some of the 

by generalizing two-person zero-sum games economically unreasonable situations that 
thenames of the to many players with various goals. He intro- qualify as Nash equilibria. In theory, for ex- 
Noh1 laureates d u d  the idea oE a Wash equilibrium"--a ample, a monopoly sustained because the 

b economics were situation in a mdtiplayer game in which domkaat company threatens any start-up 
each player's psitian is o p d d d  with re- competitor with a price war is a Nash equilib- 
spect to the others'. Econoda now believe rium-even if the threat is hollow because 
that many stable points h tfcre economy- the company could not &ord to wage a price 
such as the fixed peicea the Pog U&ce a d  war. In 1%5 Selten showed horv to cut out 
Federal dmge fbr overnight mail-- such solutions when he introdtsoed the idea 
are better thought of as Nash equilibria than of "subgame perfection> &anent that 

d & G i t s a f  California, Ekrkeby, and as &ts of apply and demand foras. insists players act rationally in aZ1 situations, 
Reinhad Selten of the U n i m  8 Bonn But the Nash equilibrium asaims that even those that could not have been reached 

biology. He and -em*, for in- - have analyzed animals' fight- 
ing behavior in "asymneaic con- -. 
flicts"-conflicts ip which competi- z 
tats fZtce different odds and seek dif- Y 
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