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Report: 
 
Overview: The aim of this experiment was to extend our recently developed methods for x-ray nano-
diffraction on cells (see [1-6]) to larger ensembles of cells and thus allow for better statistics in data analysis.  
We took advantage of the recently developed fast scanning mode at the ID13 beamline to image several 
hundred 3T3 fibroblast cells, in a single measurement.  This approach allows information of sub-cellular 
structures to be collected for a statistically significant number of cells, such that meaningful ensemble 
averages can be computed.  
 
Experimental setup and data collection: Mouse embryonic fibroblasts were grown on silicon rich nitride 
windows with a total membrane area of 1.5 x 1.5 mm2, chemically fixed and freeze-dried at our home 
laboratory. These cells were chosen as they are well characterized, comparatively easy to handle and thus 
served as a suitable model cell line for our proof of principle experiment. The experiments were performed at 
the EHII of ID 13 using a microfocused beam (2 x 3 µm2). The diffraction patterns were collected by an 
Eiger 4M detector placed 0.9 m away from the sample. In preparatory experiments at the beginning of the 
beam time, we determined an ideal step size of 0.5 µm in both the horizontal and vertical directions and an 
exposure time for each position of 1.34 ms. Note that we deliberately chose a step size smaller than the beam 
size here. Complete windows were scanned in single runs, amounting to a total of about 9 million diffraction 
patterns and a total scan time of 7 hours. About 700 cells could be scanned on each window and we were able 
to complete two entire scans, whereas one was interrupted by a detector crash.  
 
Results: Obviously, this wealth of information cannot be analysed by hand, as we used to do it in the past, 
when only a small number of cells were scanned in an experiment. The dark field representation calculated 
from an entire-window scan is shown in Figure 1a. Despite the short exposure time and comparatively large 
beam size, the spatial resolution of the dark field allows for a semi-automated segmentation of the image, as 
shown in Figure 1b, where we marked the outer cell contours in red. Based on such segmentations, using a 



self-written MATLAB script, it is possible to define different regions of interest, in particular the (empty) 
background, the cell nucleus versus the cell cytoplasm and features within the cell nucleus for each cell. 
Structural data is then obtained from the analysis of individual diffraction patterns belonging to a given 
region of interest. Data analysis is still ongoing, and will put us in the positions to analyse single cells, as 
executed in the past [1-6], but also average over larger ensembles of cells and thus obtain spatially high 
resolution structural data with a high statistical weight. 
 

 
Figure 1: a) Dark field image of an entire sample. Total area is 1.5 x 1.5 mm2. The bright objects are 
individual cells. b) Example for a region of interest (yellow box in a). The red lines represent the result of the 
segmentation algorithm applied to the data for separating cells from background. 
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