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Fig. 1 Synapse: the connection sites of neurons. (a) Electron
micrograph of the synapse of the mouse brain. In all electron
and x-ray micrographs in this paper, dark contrast indicates
electron density is high. (b) Synaptic connection between a
nerve terminal (axon) and a spine (dendrite) including syn-
aptic vesicles, post-synaptic density etc. (Synapse Web,
Kristen M. Harris, http://synapses.clm.utexas.edu/)
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Fig. 2 Images of an ultrathin slice 70 nm in thickness of neural tis-
sue observed by using (a) a contact x-ray microscope and
(b) a transmission electron microscope.
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Fig. 3 Extreme ultraviolet (EUV) microscopy. (a) Schematic lay-
out of the optical system and (b) an EUV micrograph of the
neural tissue slice 500 nm in thickness.

5t May 2010 Vol 23 No.3 ¢ 197



(a)

SiC Mirror,

Condenser.FZP  Sample

Center Stopper|

X-ray (Synchrotron Radiation)
BL-12, Ritsumeikan Univ. SR Center

- A
—r Mitochondo‘ria
: ~

Fig. 4 Full-field soft x-ray microscopy. (a) Schematic layout of the
optical system in BL12 of Ritsumeikan University. (b) Soft
x-ray micrograph of the neural tissue slice 200 nm in thick-
ness.
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Fig. 5 Talbot-type hard x-ray microscopy for phase contrast imag-
ing. (a) Schematic layout of the system in BL20XU of SPr-
ing-8 and (b) 3D rendering view of the neurons with Golgi-
Cox staining.
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Fig. 6 Zernike-type hard x-ray microscopy for phase contrast imag-
ing. (a) Schematic layout of the system in BL47XU of SPr-
ing-8. (b) Phase contrast x-ray micrograph of the neural tis-
sue slice 200 nm in thickness. (c) Transmission electron
micrograph of the same tissue slice as (b). Arrows indicate
the synapses, the connection sites of neurons.
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Table 1 Comparison of high resolution x-ray imaging system for
biological materials

Contrast | Resolution | Sensitivity| Tomography
Contact Absorption O ©) —
Soft . R
X-ray Schwarzschild | Absorption O @) A
FZP Absorption O O O
FZP Absorption O A @)
Hard
X-ray| Talbot+FZP | Phase O O ©)
Zernike + FZP | Phase @) ©) O

©: Excellent, O: Very Good, /\: Fine , —: Not Available
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Fig. 7 Anatomy and function embedded in the neuronal networks
for understanding information processing mechanisms of
the brain. (Image from 3D SCIENCE.com, http://www.
3dscience.com/)
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Application of x-ray nanobeam for bioimaging

Haruo MIZUTANI Science Integration Program, Organization for Interdisciplinary Research Projects,
University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8568, Japan

Abstract One purpose of x-ray imaging applications is to observe materials in three dimensions with both
wider field of view and higher spatial resolution. The brain, the control center of the body, is a complicated or-
gan, and therefore neuroscience, which is the study of the brain, requires such 3D imaging technique. Nano-
resolution x-ray tomography of the brain will not only identify synapses, the connection sites of neurons, but
also clarify the structure of neuronal networks for understanding high-order brain functions. As a result of de-
velopments of x-ray focusing technologies, it will be possible to decipher the wiring diagram of the neural cir-
cuits, thereby make an impact on neuroscience.
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