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Fig. 1 (Color online) A Schematic illustration of XDI experiment.
A spatially isolated specimen particle is irradiated by X-rays
with the high spatial coherence. A beam stop is placed in
front of an area detector to absorb the direct X-ray beam.
The diffraction pattern is composed of a number of speckle
peaks. The sizes of speckle peaks are approximately the
reciprocal of particle sizes viewed along the direction of the
incident X-ray beam. The magnitude of scattering vector is
defined as S=2sin /.
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Fig. 2 (Color online) (a) A result of the multivariate analysis for
1,000 projection electron density maps retrieved from a
diffraction pattern of ten gold colloidal particles with the di-
ameter of 250 nm. After principal component analysis, each
density map is represented as a point in the plane spanned by
the two principal components (black dots). Among three
major clusters labeled «, £, and y, only cluster « give the cor-
rect projection electron density maps. The red dots indicate
maps selected by the Manhattan distance analysis in panel
(b). (b) The Manhattan distance of 999 projection maps
calculated for a most probable one. The red dots indicate the
Manhattan distance values of correct maps shown in the in-
set, while the black dots are those of failed calculations. In
most cases, the retrieved maps with the Manhattan distance
smaller than 0.2 are probable. When the maps were
represented in the plane of the two principal components in
panel (a), they overlap to the most probable cluster c.
Panels are reused from [doi: 10.1107/S1600577517008396 ]
after modification with permission from The International
Union of Crystallography
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Fig. 3 (Color online) (a) A system for preparing specimens for
XDI experiments at cryogenic temperature. The system is
composed of humidity controlling chamber (1), light
microscopy (2), moist air generator (3), monitors (4, 5)
and liquid ethane cooling device (6). (b) The humidity con-
trolling chamber is composed of a tube supplying moist air
(7), micro-injector mounted on a micro-manipulator (8),
pincette (9), pincette carrier (10). The inset illustrates the
specimen preparation for XFEL-XDI experiments. (c) A
flash-cooling device. A pincette (9) fixed to a slider is
plunged into liquid ethane (11) produced inside an alumi-
num cup cooled by liquid nitrogen (12). Cooled specimen
disks are put into storage container (13) in liquid nitrogen.
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Fig. 4 (Color online) (a) A view of experimental setup for tomography XDI at BL29XU of SPring—8. Devices from the
left (upstream) to right (downstream) are a chamber of pinhole to produce spatially coherent X-ray beam (1),
KOTOBUKI-1 diffraction apparatus (2), vacuum pipe (3), a chamber of beam stop (4), and a pixel array detec-
tor (5). (b) Inside the vacuum chamber of the apparatus, a cryogenic pot (6) is mounted on a goniometer.
Liquid nitrogen is supplied by a cupronickel capillary (7) and evacuated from the pot through a flexible tube (8)
connected to a vacuum pump outside the vacuum chamber. A cooled specimen holder (9) is delivered from a
load-lock chamber to the pot by using a transfer rod with claws and folk at the tip (10). Parasitic scattering from
upstream optics are reduced by a slit placed near the specimen (11). (c¢) A diffraction pattern from a single bacter-
ia cell. The upper right panel shows a projection electron density map retrieved directly from the diffraction am-
plitude alone. By applying the single particle analysis for more than 100 projection maps, the three-dimensional
structure of a bacteria cell is reconstructed at a resolution of 130 nm (lower right). The scale bar indicates 1 um.
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i, BHLE TOEN XFEL /L ADZEMabv —L v A
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5.3 BIFE LSSy
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Fig. 5

B — used XFEL pulses .
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ok —success in PR i
1+
0 e T S R S T T T T T
0 20 40 60 80
7.19.pm8 time (h)

(Color online) (a) A view of XFEL-XDI experiment at
BL3 of SACLA. Devices from the left (upstream) to the
right (downstream) are the TAKASAGO—6 diffraction ap-
paratus (1), the MPCCD-Octal detector (2), and the
MPCCD-Dual detector (3). (b) A view inside the vacuum
chamber of the apparatus. A cooled container carrying 12
specimen holders (4) are delivered from the load-lock cham-
ber to a pot (5) to maintain the temperature of the contain-
er. Each specimen holder is mounted to or dismounted from
the pot (6) on the fast-translation stage (7) by using two
stick devices located behind the two pots (8). (c) The time
course of the cumulative number of XFEL shots used (black
line) in a beam time. The automatic data processing suite
extract tentatively diffraction patterns with signal-to-noise
ratios better than a threshold value (red line). The number
of diffraction patterns, the electron density maps from which
converged in the phase retrieval (PR) calculations, is less
than 20% (blue line) of the total number of XFEL pulses
used.
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Fig. 6 (Color online) A diffraction pattern (left), a projection electron density map retrieved from the diffraction pat-
tern (center) and a reconstructed three-dimensional density map (right) of cyanobacteria cell. The left and center
panels are reused from [doi: 10.1107/S1600577516007736] after modification with permission from The Interna-

tional Union of Crystallography
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X-ray diffraction imaging of biological cells at low
temperature
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Abstract X-ray diffraction imaging is used to visualize the structures of biological non-crystalline particles
without chemical labeling and sectioning. The projection structures of specimen particles are
retrieved from the structure amplitudes of diffraction patterns. Furthermore, the three-dimen-
sional structures are reconstructed from tomography experiments. Due to the penetration power
of X-rays with short wavelength, X-ray diffraction imaging allows us to visualize the structures of
cells with the dimensions more than 500 nm at resolution better than 100 nm. In this review, we
report the current status of our X-ray diffraction imaging experiments and structure analyses.
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