
government initiative. That allowed the White 
House to maintain that it hadn't handed NSF a 
blank check and to enshrine the concept that 
bigger budgets were a reward for good man- 
agement. At the same time, congressional sup- 
porters of doubling could say that they had tak- 
en a big step toward raising NSF's budget from 
its current $4.8 billion to $9.8 billion in 2007. 

The bill (H.R. 4664), now awaiting the 
president's signature, doesn't actually give 
NSF a dime, however. Annual spending is set 
by appropriators, who have yet to complete ac- 
tion on any domestic spending bill for the 
2003 fiscal year that began 1 October. But "we 
think it's great," says NSF's David Stonncr, 
head of legislative affairs. "It demonstrates 
strong congressional support for NSE' The bill 
is loaded with congressional demands, too, in- 
cluding more than a dozen reports on topics 
ranging from improving math and science ed- 
ucation to building big research facilities. 

-JEFFREY MERVIS 

CELL BIOLOGY 

Chaos Reigns in RNA 
Transcription 
The critical job of transforming raw genetic 
information into proteins seems to call for a 
well-oiled machine. But one research team, 
pushing the boundaries of imaging technol- 
ogy and computer modeling, argues that 
this machine is the picture of inefficiency. 
Rather than smoothly assem- 
bling on a gene, the proteins that 
form a major transcription tool, 
called RNA polymerase I, col- 
lide without sticking and zoom 
off if their companions are sec- 
onds behind schedule. 

The research, reported on 
page 1623, is not without critics, 
who contend that the technology 
used in the study has not ad- 
vanced enough to support such a 
model. But the work reflects an 
increasingly sophisticated effort 
to delineate the dance performed 
by transcription machinery. Two 
papers analyzing the other main 
transcription tool, RNA poly- 
merase II, will be published next 
month. Although the three home 
in on different aspects, all find 
similar chaos. Confusec 

"What they're saying is that merase I 
things are just flying around, and the nuclei 
they happen by accident to come 
together,; says Joseph Gall of the Carnegie 
Institution of Washington's branch in Balti- 
more, Maryland, of the Science paper. "That's 
an extreme view ..., [but they're] such good 
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colleagues at the National Cancer Institute 
(NCI) in Bethesda, Maryland, first conducted 
imaging experiments on animal cells. RNA 
polymerase I consists of at least a dozen dif- 
ferent proteins; Misteli's group focused on 
nine of these that together make up the bulk 
of the polymerase. Using in vivo microscopy, 
they tagged one at a time with a fluorescent 
marker and followed each through the nucle- 
us to the DNA. By watching how long each 
protein loitered by the gene and then overlay- 
ing that with the behavior of the eight others, 
the researchers could begin tracing poly- 
merase assembly. 

But imaging technology reveals only so 
much. The biologists were curious about a 
protein's chance of being welcomed into the 
polymerase if it surfaced in the right place at 
roughly the right time. For that, they turned 
to Robert Phair, a computer modeler at 
Biolnformatics Services in Rockville, 
Maryland. The team plugged imaging data 
into a model Phair built to simulate the 
known stages of polymerase assembly. The 
model suggested that joining the polymerase 
was quite a challenge: A polymerase protein 
would wait for only 2 seconds for another to 
show up and bind to it before darting off. 

Furthermore, the team discovered, a 
polymerase breaks apart once it has tran- 
scribed a gene, forcing reassembly to start 
from scratch. Despite this stunning ineffi- 
ciency, the group found, a polymerase as- 
sembles every 1.5 seconds. Misteli theorizes 
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that the system works because the poly- 
merase proteins are so abundant. 

But several researchers question 
whether imaging and mathematical models 
can provide such an unambiguous picture 
of assembly. NCI's Gordon Hager wonders 
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whether the polymerase always comes to- 
gether the way the model predicts. And 
other researchers point out that it's tricky 
with imaging to tell whether a protein is 
joining the polymerase. Misteli agrees that 
imaging and modeling a living cell isn't 
foolproof, but he still considers it superior 
to previous in vitro work. 

Although Hager questions some of the 
details of protein motion reported by Mis- 
teli's team, his own paper, which will ap- 
pear in December in EMBO Reports, sup- 
ports the general theory that "everything 
is dynamic." It examines regulatory pro- 
teins for RNA polymerase II; although not 
part of the polymerase, these enzymes 
help launch transcription. His group re- 
ports that these proteins spend just sec- 
onds in transcription locales. 

Another paper, by Oxford University's 
Peter Cook and his colleagues, will be pub- 
lished in the December Journal of Cell Biolo- 
gy. Cook's group studied a subunit of RNA 
polymerase II and saw many of the same inef- 
ficiencies as Misteli. This growing body of 
evidence might shift the debate about poly- 
merase assembly and the stability of whole 
polymerases, says Cook: "A lot of what's driv- 
ing everything is random chance events." The 
purpose scientists seek in cellular machinery, 
he adds, might be nowhere to be found. 

-JENNIFER COUZIN 

EVOLUTIONARY BIOLOGY 

Bacteria Shared 
Photosynthesis Genes 
Historically, sun-loving microbes that con- 
vert solar energy to biomass, it seems, were 
quite promiscuous: They readily swapped 
DNA. Since then, they have been basking in 
the light for hundreds of millions of years, 
adding life-supporting energy and oxygen to 
the environment and making possible the va- 
riety of organisms on Earth today. Early on, 
these species were remarkably free, as re- 
searchers explain on page 1616, in sharing 
the photosynthesis genes that enable them to 
draw energy from sunlight-so free that it's 
hard to use these genes to trace the microbes' 
ancestry. "There's been massive horizontal e 

gene transfer" among these organisms, says - 
co-author Robert Blankenship, a biochemist t 
at Arizona State University in Tempe. 

Until about 5 years ago, researchers con- 2 
sidered the transfer of genetic material from z 

one species to another an oddity. Since then, | 
genome studies have shown that some genes o 
have moved around quite a bit. Even so, mi- z 
crobiologists assumed this would not be true z 

for genes involved in translating DNA to for genes involved in translating DNA to ~ 

whether the polymerase always comes to- 
gether the way the model predicts. And 
other researchers point out that it's tricky 
with imaging to tell whether a protein is 
joining the polymerase. Misteli agrees that 
imaging and modeling a living cell isn't 
foolproof, but he still considers it superior 
to previous in vitro work. 

Although Hager questions some of the 
details of protein motion reported by Mis- 
teli's team, his own paper, which will ap- 
pear in December in EMBO Reports, sup- 
ports the general theory that "everything 
is dynamic." It examines regulatory pro- 
teins for RNA polymerase II; although not 
part of the polymerase, these enzymes 
help launch transcription. His group re- 
ports that these proteins spend just sec- 
onds in transcription locales. 

Another paper, by Oxford University's 
Peter Cook and his colleagues, will be pub- 
lished in the December Journal of Cell Biolo- 
gy. Cook's group studied a subunit of RNA 
polymerase II and saw many of the same inef- 
ficiencies as Misteli. This growing body of 
evidence might shift the debate about poly- 
merase assembly and the stability of whole 
polymerases, says Cook: "A lot of what's driv- 
ing everything is random chance events." The 
purpose scientists seek in cellular machinery, 
he adds, might be nowhere to be found. 

-JENNIFER COUZIN 

EVOLUTIONARY BIOLOGY 

Bacteria Shared 
Photosynthesis Genes 
Historically, sun-loving microbes that con- 
vert solar energy to biomass, it seems, were 
quite promiscuous: They readily swapped 
DNA. Since then, they have been basking in 
the light for hundreds of millions of years, 
adding life-supporting energy and oxygen to 
the environment and making possible the va- 
riety of organisms on Earth today. Early on, 
these species were remarkably free, as re- 
searchers explain on page 1616, in sharing 
the photosynthesis genes that enable them to 
draw energy from sunlight-so free that it's 
hard to use these genes to trace the microbes' 
ancestry. "There's been massive horizontal e 

gene transfer" among these organisms, says - 
co-author Robert Blankenship, a biochemist t 
at Arizona State University in Tempe. 

Until about 5 years ago, researchers con- 2 
sidered the transfer of genetic material from z 

one species to another an oddity. Since then, | 
genome studies have shown that some genes o 
have moved around quite a bit. Even so, mi- z 
crobiologists assumed this would not be true z 

for genes involved in translating DNA to for genes involved in translating DNA to ~ 

whether the polymerase always comes to- 
gether the way the model predicts. And 
other researchers point out that it's tricky 
with imaging to tell whether a protein is 
joining the polymerase. Misteli agrees that 
imaging and modeling a living cell isn't 
foolproof, but he still considers it superior 
to previous in vitro work. 

Although Hager questions some of the 
details of protein motion reported by Mis- 
teli's team, his own paper, which will ap- 
pear in December in EMBO Reports, sup- 
ports the general theory that "everything 
is dynamic." It examines regulatory pro- 
teins for RNA polymerase II; although not 
part of the polymerase, these enzymes 
help launch transcription. His group re- 
ports that these proteins spend just sec- 
onds in transcription locales. 

Another paper, by Oxford University's 
Peter Cook and his colleagues, will be pub- 
lished in the December Journal of Cell Biolo- 
gy. Cook's group studied a subunit of RNA 
polymerase II and saw many of the same inef- 
ficiencies as Misteli. This growing body of 
evidence might shift the debate about poly- 
merase assembly and the stability of whole 
polymerases, says Cook: "A lot of what's driv- 
ing everything is random chance events." The 
purpose scientists seek in cellular machinery, 
he adds, might be nowhere to be found. 

-JENNIFER COUZIN 

EVOLUTIONARY BIOLOGY 

Bacteria Shared 
Photosynthesis Genes 
Historically, sun-loving microbes that con- 
vert solar energy to biomass, it seems, were 
quite promiscuous: They readily swapped 
DNA. Since then, they have been basking in 
the light for hundreds of millions of years, 
adding life-supporting energy and oxygen to 
the environment and making possible the va- 
riety of organisms on Earth today. Early on, 
these species were remarkably free, as re- 
searchers explain on page 1616, in sharing 
the photosynthesis genes that enable them to 
draw energy from sunlight-so free that it's 
hard to use these genes to trace the microbes' 
ancestry. "There's been massive horizontal e 

gene transfer" among these organisms, says - 
co-author Robert Blankenship, a biochemist t 
at Arizona State University in Tempe. 

Until about 5 years ago, researchers con- 2 
sidered the transfer of genetic material from z 

one species to another an oddity. Since then, | 
genome studies have shown that some genes o 
have moved around quite a bit. Even so, mi- z 
crobiologists assumed this would not be true z 

for genes involved in translating DNA to for genes involved in translating DNA to ~ 

RNA, for example, or sunlight to biomass; _ 
they couldn't see how genes of such mixed j 
ancestry could possibly coordinate these u 

RNA, for example, or sunlight to biomass; _ 
they couldn't see how genes of such mixed j 
ancestry could possibly coordinate these u 

RNA, for example, or sunlight to biomass; _ 
they couldn't see how genes of such mixed j 
ancestry could possibly coordinate these u 

22 NOVEMBER 2002 VOL 298 SCIENCE www.sciencemag.org 22 NOVEMBER 2002 VOL 298 SCIENCE www.sciencemag.org 22 NOVEMBER 2002 VOL 298 SCIENCE www.sciencemag.org 1538 1538 1538 


