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Protein Micro-Crystallography with a New Micro-Beam Beamline
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Recently, researchers’ demands for high-quality data collection from protein micro-crystals, which would usually
result from crystallization difficulty, have been remarkably growing. In order to collect efficient diffraction data for
structure determination from micro-crystals, an expert data collection system providing high signal-to-noise ratio should
be essential. A small sized and highly brilliant X-ray beam with size of a few micrometers has been proved to achieve
protein micro-crystallography by both increasing reflection intensities and reducing background scattering from sample
environments. Two micro-beam beamlines at SPring-8 and KEK-PF are currently under construction for Targeted Pro-
teins Research Program by MEXT of Japan. At SPring-8, a new undulator beamline for protein micro-crystallography,
named RIKEN Targeted Proteins Beamline (BL32XU), will start operation in May, 2010. The beam size at sample posi-
tion of BL32XU will correspond to 1X1 um?2 with the photon flux density over 6 X10'° photons/s/um?. Furthermore,
research and developments of indispensable components to achieve protein micro-crystallography with micro-beam,
such as high-precision diffractometer, automated micro-crystal handling, advanced data collection system to suppress
radiation damage and so on, are progressing. The present status of the research and development for protein micro-
crystallography will be presented.
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Fig. 1. Relationship between the Number of Unit-cell Copies
and Diffraction Signal
The figure shows Laue function of virtual crystal with 10 and 30 copies.
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Fig. 2. Peak Profiles of Diffraction Spots Measured with Different Beam Size
Beam sizes are set to 30/50/100 um squares. In the case of 30 um beam size, which holds maximum photon flux density, provides the highest peak top value and

the most sharpened peak profile.
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Fig. 3. Schematic Drawing of RIKEN Targeted Protein Beamline (BL32XU)

Fig. 4. New Double Crystal Monochromator (DCM)

The new DCM is designed by a calculation and combination type. The DCM floor was reworked by heavy weight concrete to eliminate environmental vibra
tions.
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Table 1. Comparison of SR Micro-beam Beamline for Protein Crystallography in the World

Synchrotron . beam size photon flux flux density

o Beamline 2 2

Radiation (HXV um?) (phs/s) (phs/s/um?)
ESRF (Europe) 1D23-2 7.5X5 1 X101 2.7X108
SLS (Switzerland) PX-I 25X5 2X 1012 1.6x1010
APS (USA) GM/CA-CAT TX4 1 X101 3.6X10°
MacCHESS (USA) F1 ~20X20 110 2.5X107
SPring-8 BL41XU 30X30 3X1012 3.1X10°
PF BL17 2020 7X10° 2.5X10°¢
SPring-8 1X1 61010 6.0 1010

. BL32XU

New Beamline - 5X35 1X10!2 4.0X 1010

Beamline information in the world synchrotron facilities can be obtained from BioSync: http://biosync.rcsb.org/
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Fig. 5.

Diffractometer Concept for Micro-protein Crystallography
Diffractometer will consist of the systems including high-speed shutter, attenuator units, precise goniometer, visualization optics for micro-crystal, efc.
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Fig. 6. X-ray CCD Detector with Higher Sensitivity (Rayonix MX225HE)
Comparison of diffraction data statistics between MX225HE and a previous detector is shown. The graphs show averaged diffraction data of I/sigl and
Rmerge. Both graphs clearly show a significant advantage of MX225HE to detect weak diffraction signals.
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Fig. 7. Advantages of Micro-beam in Protein Crystallo-

graphy
The micro-beam will easily probe good crystal components from low
quality and inhomogeneous crystals or clustered crystals.
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