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Method and Apparatus for Sample
Delivery in Serial Femtosecond X-ray
Crystallography: Electrospinning
Protein Crystals in Vacuo

Stanford researchers have developed a liquid microjet which provides the first
nanoflow capability for serial femtosecond crystallography (SFX) with x-ray lasers.
SFX is an emerging method for 3D structure determination that extracts structural
information from nano- to micron-sized crystals at room temperature. This method
relies upon intense X-ray pulses that are sufficiently short to pass through the
sample before the onset of significant radiation damage (diffraction-before-
destruction). SFX therefore promises to break the correlation between sample size,
damage and resolution in structural biology.
Precious protein sample consumption can be reduced by 60-100 times. A prototype
has been demonstrated to provide 2 Angstrom protein structure in LCLS
experiments while consuming 140 micrograms of protein in 50 microliters of sample
volume.
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Figure 1.Nanoflow electrospinning protein microcrystal suspensions in vacuo for
serial femtosecond crystallography at the LCLS Coherent X-ray Imaging endstation.
An electrospun microjet (a, scale bar 150 ?m) of a thermolysin crystal suspension,
(microscope image, b),positioned 1 mm from the X-ray interaction point. An average
of 2 mJ is delivered in each 40 fs pulse of 9.7 keV X-rays. Single pulse diffraction
patterns from single crystals are recorded on a Cornell-SLAC Pixel Array Detector
(CSPAD). A virtual powder pattern from 1024 LCLS shots that produced ?16 Bragg
peaks each (c) shows diffraction beyond 4 Å. Purple and yellow squares denote the
portion of CSPAD shown in the virtual powder pattern. From Sierra et al Acta
Crystallographica D, 2012

Figure 2. Tuning the sample flow rate of electrospun microjets into the nanoflow
regime using capillary ID and the pressure difference between the liquid reservoir
and the vacuum chamber. The sample flow rate was measured for 30% w/v glycerol,
10% w/v PEG 2000, pH 6.5, 5 mM CaCl2, and 100mM MES buffer solution emitted
into vacuum from 50, 75 and 100 ?m ID silica capillaries that were 114, 110, and
120 cm long, respectively. Linear fits were added to aid the eye. The range of flow
rates for published SFX experiments is noted in red for comparison. From Sierra et al
Acta Crystallographica D, 2012



Figure 3. Room temperature diffraction from Photosystem II membrane protein
crystals at LCLS. (a) protein crystals, (b) single-shot diffraction from single
microcrystal, (c) high resolution Bragg spot detection, (d) microscope image of liquid
microjet emitting from 100 micron inner diameter silica capillary. From Kern et al,
PNAS 2012.

Stage of Research

Prototype complete
LCLS experiments showed that this new method offered 33-53 times reduction in
sample consumption rate without compromising data acquisition.
Tested favorably vs. current method of Gas Dynamic Virtual Nozzle (GDVN)
Continued research to explore suitable buffer conditions, perform experiments with
the apparatus at LCLS, and optimize the design

Applications
Structural biology and Drug Design - proteins that form small crystals can
be analyzed by x-ray lasers using this nanoflow sample delivery method.
General Practical Implications

Lower sample consumption rate opens SFX to more precious samples
Simple design allows for facile sample recovery
Sample settling issue is resolved using highly viscous solutions
Open access in the vacuum chamber facilitates complex experiments such
as simultaneous x-ray emission spectroscopy/x-ray diffraction or time-



resolved pump-probe experiments
Government possibilities for use:

SFX with 4th generation x-ray lasers like the LCLS and Next Generation
Light Source
SFX at 3rd generation synchrotrons
Other single-shot x-ray diffraction experiments such as virus imaging,
catalytic nanomaterials, or solution scattering.
Sample delivery source for mass spectrometers

Commercial possibilities for use:
SFX with 4th generation x-ray lasers like the LCLS and Next Generation
Light Source
SFX at 3rd generation synchrotrons
Other single-shot x-ray diffraction experiments such as virus imaging,
catalytic nanomaterials, or solution scattering.
Sample delivery source for mass spectrometers

Advantages
Low cost, easy to use, simple design
60-100 times reduced sample consumption rate
Open access to liquid jet
Ability to probe variable jet thickness with x-rays
Compatible with viscous samples
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