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Atomic-scale Structures of Ribosome Could Help
Improve Antibiotics
Lawrence Berkeley National Laboratory
It sounds like hype from a late-night infomercial: It can twist and bend without
breaking! And wait, theres more: It could someday help you fend off disease!
But in this case its true, thanks to scientists from several institutions including the
U.S. Department of Energys Lawrence Berkeley National Laboratory. They derived
atomic-scale resolution structures of the cell’s protein-making machine, the
ribosome, at key stages of its job.
The structures, developed primarily at Berkeley Labs Advanced Light Source, reveal
that the ribosomes ability to rotate an incredible amount without falling apart is due
to the never-before-seen springiness of molecular widgets that hold it together.
The structures also provide an atom-by-atom map of the ribosome when its fully
rotated during the final phase of protein synthesis. Many antibiotics target the
ribosomes of disease-causing microbes at precisely this stage. The high-resolution
structures could allow scientists to develop antibiotics that better target this cellular
Achilles heel, perhaps leading to drugs that are less susceptible to resistance.
"Parts of the ribosome are much more flexible than we previously thought. In
addition, now that we have a fully rotated ribosomal structure, scientists may be
able to develop new antibiotics that are not as sensitive to ribosomal mutations.
This could help mitigate the huge problem of multidrug resistance," says Jamie
Cate, a staff scientist in Berkeley Labs Physical Biosciences Division and an
associate professor of biochemistry, molecular biology, and chemistry at the
University of California at Berkeley.
Cate conducted the research with a team that includes scientists from Cornell
University and Duke University. Their research is published in the May 20 issue of
the journal Science.
The ribosome works like a protein assembly line. Its smaller subunit moves along
messenger RNA, which contributes genetic information from the cells DNA. The
smaller subunit also binds to transfer RNA, which connect the genetic code on one
end with amino acids on the other. The amino acids are stitched together into
proteins by the larger subunit, which also binds to the transfer RNA. In this way, the
two ribosomal subunits come together to create proteins that conduct the heavy
lifting in the cells of all living things, from bacteria to trees to humans.
Scientists have used biochemistry and low-resolution electron microscopy to map
much of the ribosomes structural changes throughout its protein-making cycle. But
key steps remained unclear, such as a ratchet-like motion of the small ribosomal
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subunit relative to the large subunit as it moves in one direction along the
messenger RNA to make a protein. These parts rotate relative to another, but
scientists didnt know how this large-scale twisting motion worked in molecular
detail - or why it didnt simply wrench the entire ribosome apart.
To find out, the scientists turned to the Advanced Light Source, a synchrotron
located at Berkeley Lab that generates intense x-rays to probe the fundamental
properties of molecules. Using beamline 8.3.1 and the SIBYLS beamlines, they
determined the structure of Escherichia coli ribosomes in two key states for the first
time at an atomic-scale resolution. In the first state, transfer RNA is bound to the
two subunits in a configuration that occurs after the ribosome has made and
released a protein. In the second state, the ribosomes subunits are fully rotated,
which occurs when the subunits are recycled and ready to make another protein.
The scientists used x-ray crystallography to piece together these structures at a
resolution of approximately 3.2 Ã…ngstroms (one Ã…ngstrom is a ten-billionth of a
meter, about the radius of the smallest atoms).
The resulting structures, which are two to three times higher resolution than
previous images of the ribosome at these states, capture the inner-workings of the
ribosome like never before. They reveal that the ribosome machine contains
molecular-scale compression springs and torsion springs made of RNA. These
molecular springs keep the ribosomes subunits tethered together even as they
rotate with respect to each other.
"This is first time weve seen the ribosome at the endpoint of this motion at this
resolution," says Cate. "And the question is, when you have these big motions, why
doesnt the ribosome fall apart. We found that the ribosome has RNA springs that
adjust their shape and allow it to stay together during these large-scale motions."
The structures also provide a new way to compete in the arms race between
antibiotics and the microbes theyre designed to knock out.
"The ribosome is one of the major targets of antibiotics, and weve identified
elements of its rotation that can be targeted by new or modified antibiotics," says
Cate. "This kind of precision could be especially powerful in the age of personalized
medicine. Scientists could figure out at a genetic level why someone isnt
responding to an antibiotic, and then possibly switch to a more effective antibiotic
that better targets the microbe thats causing their disease."
The research was supported by the National Institutes of Healths Institute of
General Medical Sciences. The Advanced Light Source and beamline 8.3.1 and
SIBYLS beamline are supported by the Department of Energys Office of Science.
This research was also conducted at the DOE Office of Science-supported Advanced
Photon Source located at Argonne National Laboratory.
Lawrence Berkeley National Laboratory addresses the worlds most urgent scientific
challenges by advancing sustainable energy, protecting human health, creating
new materials, and revealing the origin and fate of the universe. Founded in 1931,
Berkeley Labs scientific expertise has been recognized with 12 Nobel prizes. The
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University of California manages Berkeley Lab for the U.S. Department of Energys
Office of Science. For more, visit www.lbl.gov [1].
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