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information necessary for life, the infor-
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chemical probe’s attack. Taken together,
the results revealed the “footprint” that
each protein leaves on RNA. “We now
have hundreds of these footprints,” Noller
says. He assumes that a protein shields
the RNA “under” its footprint either by
attaching to bases there or by somehow
causing the RNA there to twist inward to
avoid outside influences.

Each time Noller’s group got a foot-
print, they placed its protein at the pro-
tected spot, gradually building a model
of the RNA in the small ribosomal sub-
unit. Then they fit these placements to
the neutron map. In 1988, the group pub-
lished its first three-dimensional picture
of about two-thirds of the RNA in this
subunit. They left out the rest of the RNA
because their data did not provide
enough clues about where to place it, he
notes.

Next, they began using hydroxyl radi-
cals as a chemical probe. These small,
charged molecules provide a more
detailed picture of how RNA threads
through the proteins. The experiments
enabled them to clear up ambiguous sec-
tions in the first model, notes Noller. A
revision of this structure, still of the par-
tial RNA strand, is about to be submitted
for publication.

Noller says he’s pleased that the new
computer-generated model looks very
similar to what electron microscopists
see. The subunit forms a cleft. Most of the
bases affected by a specialized RNA
called transfer RNA cluster in that cleft.
Each transfer RNA brings a particular
amino acid to be assembled into proteins,
so the cleft represents a key feature in the
subunit.

“There are some paradoxes that we're
still scratching our heads about,” Noller
cautions. For example, transfer RNA
affects a section of ribosomal RNA called
the 530 loop, yet Noller's map places that
loop far from the cleft. To make matters
worse, Brimacombe’s data suggest that
the loop may be near the cleft. “It's sort
of a puzzler right now,” he says.

Nevertheless, Noller stands firmly
behind his approach, arguing that the neu-
tron map should constrain the placement
of RNA in any model. “It's our feeling that
the neutron approach is more rigorous
[than electron microscopy] because it’s an
accurate physical measure,” he says. “Elec-
tron microscopy relies on interpretation —
the different [research] groups get essen-
tially the same picture, but the models
they draw are different in details.” More-
over, he cites the plethora of footprint
data as helping to pinpoint each pro-
tein’s place relative to the RNA.

It's possible, too, that both models are
correct, he adds. At one point during
protein production, RNA may kink to
bring the 530 loop close to the cleft,
while at other times the loop may drift
far away. Noller may be modeling one
step in this molecular dance and Brima-
combe another.
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“This is going to be a fascinating story
for a long time to come,” Noller adds.

rimacombe’s story also dates back
Bmany years and involves similar

puzzles. He began by trying to fig-
ure out the location of each protein rela-
tive to the RNA in the small subunit. He
and his colleagues put ribosomes into
solution with an enzyme that chopped
them into little bits, planning to study
which proteins were attached to which
bits of RNA. But once the ribosomes start-
ed breaking up, “all the proteins [started]
hopping around and going completely
random,” he recalls.

So he added chemical connectors to
solutions of the subunit and observed
how particular proteins linked to specific
parts of the ribosomal RNA. From this
cross-linking data, he established the
proteins’ positions relative to the RNA.

By 1986, he had bent, crimped, and
arranged 60 meters of wire (20 for the
small subunit and 40 for the large sub-
unit) into something that looked more
suited to a museum of modern art than to
a laboratory. Along with its turns and
kinks, this construction contained short
spirals of bases, or helices. There were 45
in just the 20 meters of the small subunit.
When his group tried to publish a picture
of this model, “the referees complained;
they said it was impossible to see what
was happening,” Brimacombe recalls.

But computers were making their way
into laboratories by then, so Brima-
combe worked out a primitive computer
model that depicted the helices as cylin-
ders. It was published in 1988. He then
decided that, since he had gotten this far,
he might as well try to map all the atoms
in all the nucleic acids of this RNA and
link those atoms to the proteins’ atoms.
Getting a computer to put in that much
detail would be no more difficult than
simpler, more artificial representations,
he reasoned.

Brimacombe decided not to let the neu-
tron map guide him. “This is where my big
difference with Harry Noller comes. He
still uses that method, and I feel it's no
longer the best way to do it,” Brimacombe
says. The neutron map pinpoints a pro-
tein’s location in space but gives no infor-
mation about the placement of that pro-
tein relative to the RNA, he notes. So
when threading RNA through the pro-
teins, it's anyone’s guess whether it
should be above, below, to the left, or to
the right of a given protein. “It's a very
floppy sort of placement,” he explains.

Brimacombe favors working from the
cross-linking data instead. He and his
group have studied linkages not only
between proteins and RNA but also
between transfer RNA or messenger RNA
and the RNA in the ribosome. In other
experiments, they look at the connections
between various ribosomal subunits. This
approach “is making a lot of things that

(Bottom to top): A
ribosome subunit
depicted with wire,
with computer-
generated cylinders,
and as helices with
color-coded RNA
sections. The
uppermost image
marks functional
spots, including the
locations of transfer
RNA (large blue and
red areas).

didn’t fit together before
fit together nicely now,”
he says.

Instead of bending
wires, he and his col-
leagues are punching a
keyboard. “We still have
[the wire model], but it's
gotten mutilated because
I've been at it with the
wire clippers,” he says.
Now, aided by Max Planck
colleague Florian Miiller,
Brimacombe’s group gen-
erates elaborate computer
images. With a few key-
strokes, they can reconfig-
ure a section, leaving little
trace of its former outlines.
Moreover, they have har-
nessed the computer’s pow-
er to compile all the data on
the two subunits and have
boldly portrayed the entire ribosome of a
bacterium.

Not that this portrait doesn’t have
shortcomings, Brimacombe admits. “This
[cross-linking] works very well when you
are close to the messenger RNA or the
transfer RNA, but the farther away you
get from the functional center, the more
garbagey it becomes,” he says.

But he considers even the “garbage”
worth pursuing. “It's a bootstrapping
thing: You make the best thing you can
and then somebody brings in new data.
Either you say, ‘Great, it fits!" or you say,
‘Oh shoot, we've really screwed this up.’
Hopefully, you gradually sort of get it.”

think Brimacombe’s on track. Sev-
eral point to his talk as one of the
meeting’s most provocative and exciting.
Even so, Brimacombe downplays the
significance of knowing where nucleic acid
1,823 is or of demonstrating that a cleft
holds the binding sites for transfer RNA.
“Basically, all we can say is something is
near something else,” he explains. “When
you're asking questions of detailed func-
tion or how something works, one very
rarely can say anything about it.”
Nevertheless, he keeps refining the
models. “I guess it’s like anything else in
science. You get your teeth into some-
thing and don't let it go.” O

The other attendees at the meeting
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