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Report: 
Motivation: The goal of the experiment was to dynamically investigate the nanostructure of intracellular 
components in bovine red blood cells (RBC). The cells were probed by scanning x-ray diffraction using the 
micro-focussed beam1 of the micro-branch (EH II) of ID13 while flowing continuously in microfluidic 
channels. They were exposed to the x-rays for less than 3 milliseconds, greatly minimizing radiation damage, 
and thus avoiding one of the biggest problems in cell experiments using x-rays. 
 
Experimental setup and data collection:  
A suspension of glutaraldehyde fixed bovine RBC (10% packed cell volume, PCV) was injected into a 
microfluidic device fabricated in-house from PDMS and a quartz glass capillary of 200 µm outer diameter 
and 10 µm wall thickness (Figure 1A)2. The stream of cell suspension was hydrodynamically focused by 
flow of buffer from two lateral inlets in the PDMS region (see Figure 1B). Subsequently the cells travelled 
through the quartz capillary, where data were collected. Thus, background scattering obscurring the signal 
was minimized. The x-rays had an energy of 12.6 keV and the beam dimensions were 8 µm x 9 µm at the 
sample position. We used the Eiger 4M, single-photon counting pixel detector (Dectris, Baden, CH) to record 
the SAXS patterns. As a scanning strategy we chose 5 µm steps arranged in “stripes” perpendicular to the 
main flow direction (see dark field representation in Figure 1A) positioned in different distances from the 
“cross area” of the device. After localizing the capillary in the beam path by this procedure, for each “stripe” 
100 frames of 0.1 s exposure time were recorded at the central position of the capillary, first for mere buffer 
flow (as a background measurement) and then for the cell suspension. Figure 1C shows a typical azimuthally 
integrated SAXS signal recorded by this method after background subtraction, recorded 5 mm downstream of 
the cross center. The flow velocity in the main channel was 3 mm/s and considering the beam size of 8 µm, 
the travelling time in front of the beam was smaller than 3ms, ensuring minization of the radiation damage. 
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Figure1. A) Sketch of the PDMS-capillary device used for the experiment. A quartz capillary was inserted on the PDMS device. 
10% PCV bovine RBC suspension was imaged by x-ray diffraction while flowing in the quartz capillary with a velocity of 3 mm/s. 
Scans with 5 µm steps in direction perpendicular to the main flow direction were performed to localize the RBC stream. Here, 
typical dark field data (i.e. the total integrated scattering intensity) for positions 5 and 15 mm downstream the cross center are 
illustrated. The comparison reveals a broadening of the RBC stream while the suspension flows. B) Visible light bright field 
microscopy picture of the dashed area of Figure 1A. The suspension flows in the PDMS device section, focused by two lateral 
buffer streams. C) Integrated, background corrected data of the bovine RBC stream, recorded 5 mm downstream the cross center. 
100 frames of 0.1 s have been averaged.   
 
Results: 
We are currently in the process of analysis the data. However, the first results look promising concerning our 
experimental strategy and data collection method. During the beamtime, the support from the staff of ID13 
tremendously helped to meet our requirements especially with respect to beam size, Q-range and 
computational necessities. From this experiment, we have demonstrated that imaging cells in flow by x-ray 
methods is feasible and the accessible time scales range from milliseconds to seconds, depending on the 
channel length, and we obtain good quality data (Figure 1C). In addition, the obtained signal is comparable to 
the bulk data when normalized to the respective integrated intensities and protein concentration (Figure 1C). 
Thus, we demonstrated the feasibility of a new method to investigate dynamics of cells at high spatial 
resolution and in close-to-physiological conditions. We chose to study bovine RBCs as a biologically 
relevant system and also as a model system for suspension cells in general. RBCs are more monodisperse 
than most other cells, facilitating the averaging over several cells. Furthermore they are comparably simple, 
anucleate cells and can be isolated and handled in a straight-forward way. From a methods development 
perspective, the advantage is that they are well characterized, helping us to benchmark our results against 
other, existing techniques. We expect that our study will open up new possibilities for x-ray studies on cells. 
towards implementation of the above method to study intact RBC undergoing mechanical stress. 
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