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Direct Imaging of Live Human Platelets by 
Flash X-ray Microscopy 

Abstract. A 100-nanosecond pulse of long-wavelength x-rays was used to produce 
high-resolution stop-motion images of living human platelets. Although some 
aspects of the structure conform to those seen in dehydrated specimens, novel 
features are apparent. The technique should permit detailed stop-motion examina- 
tion of the interaction of platelets with their surrounding medium as well as 
exploration of the phagocytic and secretory activities of a wide variety of other cells. 

Long-wavelength (soft) x-rays may be 
used with x-ray-sensitive material (x-ray 
resist) to produce high-resolution images 
that reflect the photon absorbance pat- 
terns of specimens (1, 2). The technique, 
termed contact x-ray microscopy, can 
provide a bridge between light micro- 
scope and electron microscope observa- 
tions, since the resolution obtainable is 5 
to 10 nm and, with a slight loss of resolu- 
tion, specimens as thick as 10 pm may be 
studied (3). Furthermore, contact images 
appear to provide unique morphological 
information not available when light or 
electrons are used for imaging. 

Because of their utility for studying 
fixed and dried material, soft x-rays have 
frequently been considered for the imag- 
ing of living material (4, 5). Exposure 
times with conventional and synchrotron 
sources have proved to be too long to 
prevent natural and radiation-induced 
motion of the living specimen from blur- 
ring the image (6). Flash x-ray sources 

with ~ l a s m a s  as emitters are of sufficient 
intensity to produce resist images in 
nanosecond periods (7, 8). With this 
range of exposure times, a specimen may 
remain alive at the instant of exposure 
and its image captured before the speci- 
men is destroyed by the exposure. We 
report here what may be the first soft x- 
ray image of this type, that of a living 
human blood platelet, produced with a 
flash x-ray source that emits a 100-nsec 
pulse of soft x-rays. The wavelengths 
used to image the hydrated specimens 
were between 24 and 43 nm, a region in 
which the relative absorption of water is 
low compared to that of protein (3). The 
images reveal details not previously seen 
in images of fixed or dried platelets. 

Human platelets were isolated and re- 
suspended in buffer at a density of 10' 
cells per milliliter (9). A 10-p1 portion of 
the suspension was placed on the surface 
of a Si3N4 window 100 nm thick that had 
been coated with a I-pm layer of poly- 

Fig. 1. (a) Diagram of the wet 
chamber, showing the (A) sub- 
strate holder, (D) substrate for 
vacuum window, (E) resist 
honeycomb, (F) specimen 
area, (G) recording resist, (H) 
substrate for resist, (H to K) 
spring mechanism to hold re- 
sist in position, (B, C, and L) 
body of wet chamber with O- 
ring seals, (M and N) threaded 
spring compressor, and (P) top 
of chamber. (b) Honeycomb 
subchamber [enlarged view of 
(Ell. 
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methyl methacrylate (PMMA). Over a 1- 
mm2 area the PMMA layer had been 
etched down to the Si3N4 in a honey- 
comb pattern (Fig. Ib), forming a mesh- 
work of wells 1 p.m deep and 10 pm2 in 
area (Fig. la). After the drop of liquid 
had been blotted (Whatman No. 4 filter 
paper) until only a thin film remained, a 
I-cm2 silicon wafer coated with 400 nm 
of copolymer resist, PMMA-methacrylic 
acid, was inverted onto the window so 
that the resist and the window were 
opposed. The copolymer served as the 
detector. Total time between blotting 
and exposure was less than 5 minutes. 

The entire assembly was mounted in a 
gas-tight holder (Fig. la) 20 cm from the 
x-ray source and exposed to a 100-nsec 
burst of soft x-rays produced by an im- 
ploding gas jet plasma. This x-ray source 
(7), called LEXIS (Maxwell Labora- 

tories), produces 300 J of 2.7- to 10-nm 
radiation in a 140-nsec pulse (full width 
at half maximum). X-ray diode measure- 
ments show that 150 J of the radiation 
emitted is in the 2.7- to 42-nm region. 
This results in x-ray intensities greater 
than 0.75 ~/cm' at the specimen surface. 

Scanning electron microscope (SEM) 
images of the developed resist (10) 
showed platelets in various stages of 
activation (Fig. 2, a and b) (for compari- 
son, Fig. 3 shows an x-ray image of a 
dried and fixed blood platelet). Both the 
SEM images and the x-ray replicas are of 
high quality, and objects as small as 10 
nm are visible. The absence of salt crys- 
tals around the platelets and the lack of 
elevated rims of dried protein (11) s u p  
port the conclusion that the cells were 
hydrated at the moment of exposure. As 
noted in whole mounts of air-dried hu- 

I Fig. 2. (a) X-ray im- 
age of a wet, living 

man platelets (2), pseudopods contained 
a central core of photon-absorbant mate- 
rial that passed through the platelet 
membrane and was connected to a simi- 
lar network that ramified throughout the 
platelet cytoplasm. Although this cyto- 
plasmic network is a prominent feature 
of platelets with few or no pseudopods, 
in these platelets neither dense bodies 
nor or-granules were distinguishable. The 
flocculent material associated with the 
bases of pseudopods and scattered 
throughout the cells (arrows in Fig., 2, a 
and b) has not, to our knowledge, been 
observed previously by electron micros- 
copy or contact x-ray microscopy of air- 
dried whole mounts. 

The very high quality and resolution of 
the images indicate that the technique 
provides adequate contrast between the 
cell substance and an envelope of water 
as thick as 1 pm or more. Direct high- 
resolution visualization of morphological 
events associated with many cellular 
processes occumng in submillisecond 
time should now be possible. 
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Fig. 3. X-ray image of 
whole-mounted (air- 
dried) blood platelet. 
The SEM picture was 
taken at 45'. Note the 
elevated periphery of 
the cell, a rim of dried 
protein. The spherical 
bodies are believed to 
be dense granules and 
the depressed areas 
vacuoles. 
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