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Soft X-Ray Microscopy in Biology
Kunio SHINOHARA

Department of Radiation Research, Tokyo Metropolitan Institute of Medical Science

Present status of the biological application of X-ray microscopy is reviewed in view of
the expected potential of it. The characteristics of X-ray microscopy in the observation of
biological specimens are: (1) applicable to the observation of hydrated specimens in a
physiological condition at higher resolution than optical microscopy; (2) three dimen-
sional observation of thick specimens; (3) different images from optical microscopy due
to the different contrast mechanism; and (4) mapping and analysis of elements in
specimens. Examples of X-ray images showing these characteristics are presented: (1) An
X-ray image of hydrated biological specimen at the resolution of 10 nm is shown by
contact microscopy; (2) three dimensional observation of a 200 gm thick dried and
stained biological specimen at the resolution higher than 0.08 gm by projection
microscopy; and (3) element mapping by scanning microscopy. However, much more data
are required to establish the characteristic advantages of X-ray microscopy in biology. Far

this purpose it is essential to have an X-ray microscope system working anytime.
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Table 1 Soft X-ray microscopes

Source

Type ;opacg drine‘téézérg}" - ,k;;:"R:efskql:uktito‘l;l}(:hirﬁ)
. e

o , :k . ;Zoommg tube - 200 ; , TSkR:"" -
Projection w SEMX
; Imagmg ~ :'Zoneplate - 50 SRPX XL
= “':"‘~:‘Grazmg 1nc1dence (Wolter)  100; . SRPX
. ‘ ",:'Multllayer (Schwarzschﬂd) ' 500 . PX -
’Scan‘ning‘ Zoneplate - o ~~ 50‘ ‘ SR

' ’ . ~“Grazmg 1nc1dence (Wolter) 3‘»00‘ ; - n_,’SR - :
Holography ~ Resist <100 ' ' SRXL

*SR, Synchrotron radiation; PX, Plasma X-rays; XL, X-ray laser;
SEM-X, Point source produced with scanning electron microscope.
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Fig.1 X-ray Images of dried Hela cells at the wavelengths of below (4.0
nm) and above (4.5 nm) carbon K absorption edge: (a) at 4.0 nm, (b)
at 4.5 nm, and (c) subtracted carbon image.
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Fig.6 Part of a condensed isolated polytene
chromosome of ’'Chironomus thummi' as
observed with imaging microscope at the
wavelength of 2.4 nm. The exposure time
was 10 sec ™.
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Fig.7 X-ray micrograph of a chromosome of the
bean V. faba taken with the scanning trans-
mission microscope at the wavelength of
3.41 nm®,
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Fig.4 X-ray image of a stretched portion of a hydrated human chromosome
as observed by contact microscopy. An enlargement of the area
indicated by an arrow in (a) is presented in (b). The image is similar
to that for dried chromosome (Fig.3).

Fig.5 Stereo-image of a 200 um thick section of rat hippocampus stained
with silver as observed with a projection microscope '
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Fig.2 X-ray image of human chromosome as

observed by contact microscopy and seen in
a transmission electron microscope.
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Fig.3 X-ray image of a stretched portion of a dried human chromosome as
observed by contact microscopy. An enlargement of the area
indicated by an arrow in (a) is presented in (b). A “beads-on-a-string”

structure is clearly observable.,
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