
NOBEL PRIZES 

In Stockholm, a Clean 
weep for North America 

This year's Nobel choices strained the prize categories. The chemistry prize recognized 
techniques that have revolutionized biology and medicine; the physics prize went to a pair 
of astronomers, and the economics prize honors work on the fringes of history. But one 
other category held firm: All eight winners did their work in the United States or Canada. 

Medicine: Discovery of Genes in 
Pieces Wins for Two Biologists 

There may be many routes to a Nobel Prize, 
but one of the most direct is to perform an 
experiment that shatters the strongly held 
beliefs of an entire scientific discipline. The 
latest illustration of that principle came this 
year, with the award of the prize for medicine 
or physiology to Phillip Sharp of the Massa- 
chusetts Institute of Technology (MIT) and 
Richard Roberts, who recently moved from 
Long Island's Cold Spring Harbor Labora- 
tory to the biotech firm New England Bio- 
labs in Beverly, Massachusetts. Before 1977, 
the biology community believed firmly that 
genes were uninterrupted pieces of DNA 
that coded for proteins. That year, however, 
the two molecular biologists, working inde- 
pendently, showed conclusively that a gene 

existence of the protein coding and non- 
coding regions (later dubbed exons and in- 
trons by Harvard University's Walter Gil- 
bert) was that before 1977 molecular biolo- 
gists had worked mainly on bacteria, and had 
not gotten a good look at the genes of the 
more difficult to study higher eukaryotic or- 
ganisms. Bacterial studies showed that when 
a eene is activated. its double-stranded DNA 
isiranscribed into'a single-stranded mRNA, 
which is then translated by ribosomes into 
the corresponding protein. But bacterial 
genes have no introns. 

For their Nobel Prize-winning work, 
Roberts and Sharp began working with an 
adenovirus, one of the viruses that cause the 
common cold. They reasoned that because 
viruses use the machinerv of eukawotic cells 
to reproduce themselves, what they learned 
about viral protein synthesis would also ap- 

tions of a gene's DNA were ignored in mak- 
ing the final mRNA and thus the protein. 

The significance of these pictures was 
obvious: mRNA synthesis in eukaryotes had 
to be a great deal more complicated than that 
in bacteria. "For the first few hours after the 
discovew was made. Nobel ~rizes were on 
everyone's mind," recalls Roberts. 

Others were eauallv im~ressed. When 
. , n  

both groups presented their micrographs at a 
Cold Spring Harbor meeting in June 1977, 
biologists realized that their understanding 
of how genes were structured had been revo- 
lutionized. "The audience was just in awe. I t  
was one of those moments where the world is 
turned upside down," says the University of 
Colorado's Thomas Cech, who won a 1989 
Nobel Prize for his own RNA work. 

In the days and months that followed the 
meeting, other researchers quickly extended 
the work to the genes of other viruses and of 
eukaryotic cells themselves. The picture that 
ultimately grew out of this work, much of it 
from Sharp's own lab, shows that the 
mRNAs of eukaryotic cells and their corre- 
sponding viruses are synthesized as large 
mRNA precursor molecules from which the 
introns are spliced out enzymatically. Only 
then is the mature mRNA ready to travel to 
the ribosomes and fashion proteins. 

The study of RNA splicing remains a vig- 
orous field to this day. Investigators have 
learned that varied splicing patterns can al- 
low a single gene to produce multiple pro- 
teins with significant differences. Splicing 

Splitting the prize. Richard Roberts (leff) and Phillip Sharp share the Medicine Nobel. 

is often broken up by lengthy tracts of DNA 
that do not specify protein structure. 

The discovery of these so-called split 
genes not only dramatically changed how 
biologists viewed gene structure and func- 
tion but also had enormous consequences for 
the study of gene regulation and evolution, 
and for biotechnology. Indeed, James 
Damell of Rockefeller Universitv. whose own 

ply to the cells themselves. 
To study the relationship between the 

viral genome and the viral mRNAs, Roberts, 
Cold Spring Harbor's Thomas Broker, Louise 
Chow and Richard Gelinas, and Sharp, whose 
MIT team included Susan Berget and Claire 
Moore, created hybrid molecules in which an 
mRNA strand binds to its complementary 
DNA strand. When thev made electron mi- , . 

data in retrospect hinted that genes contain crographs of these hybrids, the two research 
noncoding sequences, says he doesn't think groups could see which part of the viral ge- 
it's an overstatement to call the work of nome had produced the mature mRNA mol- 
Sharp and Roberts "the single most surpris- ecule. But the mRNAs didn't line up on the 
ing and illuminating experiment that has DNAs as expected. Some micrographs, for 
ever been done in biology." instance, showed huge loops of unhybridized 

The reason that researchers missed the DNA, clearly revealing that substantial sec- 

errors have even been shown to result in 
diseases such as P-thalassemia. Introns are 
also more than just "junk" DNA, researchers 
now believe. At the very least, regulatory 
signals seem to be hidden within the introns; 
engineered genes stripped of their introns 
will often produce no protein. 

Perhaps most important, the concept of 
introns and exons forms the basis for a strik- 
ing new evolutionary theory. Harvard's Gil- 
bert has proposed that novel genes are cre- 
ated by shuffling exons, a mechanism of evo- 
lutionaw change completelv independent of 
mutations. such a notion was inconceivable 
until Roberts and Sharp's work that summer 
of 1977, notes Stanford University molecu- 
lar biologist Paul Berg. Adds Berg, "The full 
implications of [their] finding has simply be- 
come more and more profound over time." 

-John Travis 

Chemistry: Laurels for a Late- 
Night Brainstorm 

Kary Mullis isn't your typical Nobel laureate. 
For one thing, he isn't affiliated with Har- 
vard, or Stanford, or MIT. In fact, he isn't 
affiliated with any scientific institution: He 
works from his home in La Jolla, California. 
Nor does he evince the humility, amaze- 
ment, and gratitude most Nobelists recount 
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as they describe getting that magic 
call from Stockholm. 

Indeed, Mullis says he wasn't all 
that surprised to hear he'd won half 
of this year's Nobel Prize in chemis
try, sharing the prize with Michael 
Smith of the University of British 
Columbia, who won for a different 
contribution to DNA technology 
(see accompanying story). "I figured 
they had to give it to me eventually," 
he says. The basis for his confidence: One 
night in 1983, when Mullis was working at 
the now defunct biotech firm Cetus Corp., 
he conceived the polymerase chain reaction 
(PCR), a method for amplifying specific 
stretches of DNA that has changed the face 
of biology and medicine. 

It's hard to overstate the importance of 
PCR, says Gerald Joyce of the Scripps Re
search Institute in La Jolla. "Pick a stock 
superlative. Virtually everyone [in molecular 
biology] uses PCR in some way." Joyce's own 
area, test-tube molecular evolution, has blos
somed thanks to PCR's capacity to home in 
on a few DNA or RNA molecules and am
plify them into a large population. Another 
of today's hottest subdisciplines, the study of 
DNA from ancient tissues, simply couldn't 
exist without PCR's ability to expand traces 
of genetic material into quantities large 
enough to study, says Raul Cano, an ancient 
DNA researcher at California Polytechnic 
State University. The technique has also 
become indispensable in established fields 
such as disease diagnosis, forensic analysis, 
and genome sequencing. 

Before PCR, obtaining enough of a spe
cific sequence to work with from a large mass 
of DNA was a difficult, time-consuming job. 
But Mullis' invention changed all that. Its 
basic recipe requires a combination of three 
ingredients: A generous helping of DNA's 
four nucleotide building blocks; a polymer
ase enzyme that does the actual work of copy
ing the DNA by joining the building blocks 
in the correct order; and two primer se
quences, short DNA segments that bind to 
the sample at either end of the target se
quence and tell the polymerase where to copy. 

To get the reaction under way, the sample 
is heated, causing the DNA's complemen
tary strands to separate. When the mixture is 
cooled, the primers find their sites on the 
separated strands, and the polymerase copies 
each target region. Repeating the cycle of 
heating and cooling leads to exponential 
growth in the number of DNA copies. Thirty 
cycles, lasting a few minutes each, are 
enough to mass produce millions of identical 
copies of the target sequence. 

Since Mullis and his Cetus colleagues first 
published the technique in 1985 (Science, 20 
December 1985, p. 1350), it's been auto
mated and modified in so many ways that 
Mullis says he can no longer keep up. And 

At the wave's crest. PCR inventor Kary Mullis. 

work on the technique itself pales next to 
the science it has produced. "If you bundle 
all the science that's come out of PCR, that's 
a tremendous body of literature," says Joyce. 

Still, one past Nobelist, who asked not to 
be named, argued that, for all its enormous 
impact, PCR is just a clever technical trick 
that doesn't have the intellectual content of 
Nobel-quality work. To that objection, 
Cano has a quick answer: "Oh yeah? Then 
how come I didn't think of it?" 

-Tim Appenzeller 

Chemistry: Changing the 
Landscape of the Possible mmm 

Just before 7:00 A.M. on Wednesday, 13 Oc
tober, a sleepy Michael Smith of the Univer
sity of British Columbia turned 
on the radio to hear the latest 
baseball scores. But instead of 
learning whether Atlanta or 
Philadelphia had inched closer 
to playing the Toronto Blue 
Jays in this year's World Series, 
the biochemist heard his own 
name preceded by the words 
"Nobel Prize in Chemistry." 

Like co-winner Kary Mullis 
(see accompanying story), Smith 
won his laurels for developing a 
means of manipulating DNA 
molecules. Site-directed muta
genesis, Smith's innovation, en
ables thousands of researchers 
to reprogram at will a cell's DNA —and 
thereby change the structure of the proteins 
the DNA encodes. Together with the poly
merase chain reaction (PCR), the DNA-am-
plifying method for which Mullis won his 
award, Smith's technique "has simply 
changed the landscape of the possible" in 
basic research and protein engineering, says 
protein scientist Jeremy Knowles, dean of 
the faculty of arts and sciences at Harvard. 

Before Smith's work in the early 1980s, 
researchers had no way to deliberately vary 
the DNA that encodes a protein's amino 
acids sequence. The best they could do was 
expose cells to chemical mutagens or radia
tion to induce random mutations in a gene, 
then forage among a crowd of mutated pro
teins for ones that might shed light on the 
question at hand. Smith envisioned a way to 
do better, by creating specific mutations in 

Gene tailor. Chemistry 
co-winner Michael Smith 

DNA and thereby getting customized proteins. 
The first step of his procedure is to splice 

a normal gene into the circular, single-
stranded DNA of a virus. Next, a researcher 
(now more likely a machine) chemically syn
thesizes a short segment of DNA that is an 
exact complement of the normal gene se
quence except at a single amino-acid coding 
site. The segment is allowed to bind to the 
normal gene, forming a short region of dou
ble-stranded DNA. A polymerase enzyme 
completes the second strand, and the dou
ble-stranded product is inserted into the ge
nome of a bacterium. As the microbes grow, 
they use both the normal and the mutated 
versions of the gene as templates for synthe
sizing normal and mutated protein mol
ecules, which can then be compared. 

Thanks to that scheme, says structural 
biologist Brian Matthews of the University 
of Oregon, "if you believe that a certain amino 
acid has a key function in a protein, then you 
can test that prediction by reordering the 
amino acids." Besides spurring basic research, 
the ability to make such alterations has 
opened the way to tailoring enzymes to make 
them more stable under industrial conditions. 
It has even raised the prospect of redesigning 
proteins to have entirely new functions for 

industry or medicine. "Mike has 
provided a tool that is used by 
everybody in protein engineer
ing and molecular biology," says 
Jim Wells of Genentech Inc. 

That includes Smith, who 
continues to use the technique 
to study how particular amino 
acids affect the activity of cyto
chrome C (a protein involved 
in cellular respiration) and 
myoglobin (an oxygen storage 
protein). Given the technique's 
impact, should he have applied 
for a patent? "It never occurred 
to me," he says. But Smith has 
no regrets, he says; the scientific 

profits have been more than enough. 
-Ivan Amato 

Physics: A Prize for Patient 
Listening mmmmmmammmmammmm 

Alfred Nobel never set up a prize for as
tronomy, but he did leave astronomers a back 
door to Nobel glory: the Nobel Prize in phys
ics. And this year, that door opened for 
Princeton astronomers Joseph Taylor and 
Russell Hulse. Their radio observations of an 
orbiting pair of superdense stars during the 
1970s yielded what physicists consider one of 
the most striking confirmations of general 
relativity, Einstein's theory of gravity. 

Going on nothing but the timing of ra
dio blips from one of the two invisible ob
jects, Taylor and Hulse, who was then 
Taylor's graduate student, were able to con-
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