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New 2-color X-ray laser technique could
reveal atomic detail of medically important
proteins

March 11 2015
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These charts show (a) the energy profile of two electron bunches that are
separated by about 6 picoseconds, or trillionths of a second. These electron
bunches, produced by a specialized laser striking a copper device called a
cathode, are compressed and later emit (b) two X-ray pulses of different energies
separated by about 35 femtoseconds, or quadrillionths of a second, which are
useful for a range of experiments at SLAC's Linac Coherent Light Source X-ray
laser. The two X-ray pulses can have different wavelengths, or "colors," and hit
samples either at the same time or with a delay between pulses up to 120
femtoseconds.

A unique X-ray laser innovation developed at the Department of
Energy's SLAC National Accelerator Laboratory may make it easier and
faster for scientists to fully map medically important proteins whose
structures have remained stubbornly out of reach.
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They include signaling proteins that are considered prime targets for
drug design because they regulate our immune systems, moods, senses
and other vital functions, as well as components of the body's delicate
protein-making machinery.

The innovation could also yield new information from hard-to-study
samples in other fields, such as materials science and chemistry, in
experiments at SLAC's Linac Coherent Light Source (LCLS), a DOE
Office of Science User Facility.

It involves hitting samples with pairs of precisely tuned X-ray laser
pulses of different colors, or wavelengths. When the pulses hit at the
same time, they can give scientists a more detailed 3-D view of the
sample's structure. When they hit one after the other — so the first pulse
begins a reaction in the sample and the second captures an X-ray
snapshot of the resulting changes — they can be used to study processes,
such as the earliest steps of chemical reactions

To achieve this, researchers incorporated a series of recent X-ray laser
advances that are described in separate papers published Dec. 18 in
Physical Review Letters and March 6 in Nature Communications.

"This is one of the most important developments to date in X-ray lasers.
We hope to make use of this in the effort to revolutionize protein
structural analysis using X-ray lasers," said Soichi Wakatsuki, a
professor of photon science at SLAC and of structural biology at the
Stanford School of Medicine. "A lot of work went into developing this,
and we weren't sure at first whether it could be done."

Crystallography: Building on Success

One important application will be in a new generation of LCLS
experiments that use X-ray crystallography to determine protein

2/5



PHYS 19X

structures that are difficult or impossible to obtain with previous
methods.

X-ray crystallography has revealed the structures of more than 100,000
proteins since it came into use at synchrotron X-ray facilities decades
ago. In this technique, X-rays strike crystallized proteins and produce
diffraction patterns that can be analyzed to reconstruct a 3-D atomic
structure.

One inherent problem with the technique is that the X-rays do not
directly produce an image of the proteins; like a camera with a bright
flash but no lens, detectors capture the intensity of the light but no
recognizable image.

Scientists working at synchrotrons can get around this so-called "phase
problem" by adding metals to samples. The metals serve as location-
finding beacons within the molecule that allow scientists to extract its
full structure with complex analysis tools. Synchrotron researchers also
hit crystallized proteins with X-rays of different colors to produce
separate sets of diffraction patterns that together reveal the full 3-D
structure — akin to slightly different, coupled images viewed through 3-D
glasses.

Faster Structural Analysis

With its ultrashort X-ray laser pulses that are a billion times brighter than
previous sources, LCLS can resolve the structures of proteins from
crystals that are too small or fragile for study at synchrotrons, potentially
opening tens of thousands of proteins to routine analysis.

Now that the two-color technique is also available at LCLS, Wakatsuki
said, researchers will hopefully be able to analyze completely unknown
protein structures more rapidly, and without reference to similar
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structures. This, coupled with the ability of LCLS to study samples in
very natural conditions, will be especially important when using those
structures to develop and screen potential candidates for new drugs.

Because LCLS X-ray pulses are so bright, making use of them for
biological studies presents a technical challenge: In order for the new
technique to succeed, the two X-ray pulses must hit crystals
simultaneously — otherwise the first pulse will damage or destroy the
sample before the second one arrives.

To best control the timing and properties of both pulses, SLAC scientists
accelerated two electron bunches so they can emit X-rays of different
colors with a peak power 10 times higher than previously possible. They
also incorporated earlier LCLS innovations, including a system that
produces a sharp spike in power in a predictable range of colors for each
pulse, and a diagnostic tool that precisely measures the duration and
overlap of the two X-ray pulses.

Timing Is Everything

"Before this we couldn't independently control the color of the two
pulses, nor could we achieve the simultaneous timing or a wide enough
separation in energy," said Alberto Lutman, a SLAC scientist and lead
author of the Physical Review Letters paper.

"Now we have exquisite control over the two pulses," said Zhirong
Huang, associate professor of physics at SLAC who coordinated the
R&D efforts.

Custom diagnostic tools were critical in confirming the pulses were
synchronized, he said. The well-controlled separation in the energies of
the paired pulses will also be vital for clearly distinguishing pairs of
spots, called "doublets," in the X-ray crystallography patterns that form
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the basis for determining the 3-D structure.

Agostino Marinelli, a SLAC accelerator physicist who was lead author of
the Nature Communications paper, said the new capability is already in
demand: "We have already had three experiments, with four more
experiments scheduled."

More information: "Demonstration of Single-Crystal Self-Seeded
Two-Color X-Ray Free-Electron Lasers." Phys. Rev. Lett. 113, 254801 —
Published 18 December 2014. journals.aps.org/prl/abstract/ ...
ysRevl ett.113.254801

"High-intensity double-pulse X-ray free-electron laser." Nature
Communications 6, Article number: 6369 DOI: 10.1038/ncomms7369
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