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Report:

Overview: The aim of this experiment was to apply fast scanning small angle X-ray scattering (SAXS) of
biological cells to hydrated cells. While scanning SAXS on freeze-dried cells is currently a well-established
method [1-5], hydrated cells remain a challenging kind of sample [6-7], as they need to remain in aqueous
environment for the duration of the scans, which diminishes the contrast and requires an adequate sample
chamber. Hydrated cells are closer to physiological conditions than freeze-dried cells, so an effective way to
perform scanning SAXS on them is an important step towards the collection of more realistic data.

Experimental setup and data collection: Two different model cell lines were examined: NIH-3T3 cells [8]
and mouse embryonic fibroblasts (MEFs) lacking vimentin [9]. Samples containing cells from one of the two
cell lines were prepared by growing cells on silicon-rich nitride windows with a total membrane area of 1.5 x
1.5 mm?; the cells were then chemically fixed with formaldehyde and stored in phosphate-buffered saline (PBS)
until the sample chamber was assembled. The sample chamber was obtained by sandwiching two silicon-rich
nitride windows together, with their flat sides facing each other. A polydimethylsiloxane (PDMS) spacer,
approximately as thick as the cellular thickness (about 20 um) was placed on the silicon frame of one window,
to make sure that the PBS wetted the cells at all times with the lowest amount of liquid possible, thus minimizing
the background scattering. The PDMS spacer was sealed along its outer rim with two-component silicone to
avoid water permeation and evaporation. The sandwich was kept together by metallic frames screwed together.
The experiments were performed at EHII of ID13 using a microfocused beam (2 x 2 pum?). The diffraction
patterns were collected by an Eiger 4M detector (Dectris) placed about 0.8 m away from the sample. Single cells
or small groups of cells were located with the in-line optical microscope and then scanned in fast scanning mode
[4-5] with a step size of 0.5 um in both the horizontal and vertical direction, and an exposure time for each
position of 50 ms. A step size smaller than the beam size was deliberately chosen, in order to better resolve cells
in the dark field contrast (oversampling approach). In addition, we scanned one freeze-dried sample, namely
MEFs lacking vimentin and expressing a human desmin mutant (R406W), in order to compare it with data from
the same kind of sample taken before the EBS upgrade (experiment SC4893).



Results: Because of the large amount of data collected, data analysis is still in progress. From the dark field
contrast images, which we already computed, cell shapes can be distinguished in the scans of hydrated samples
(Figure 1a), revealing that we have sufficient contrast despite the low electron density difference between the
cells and their aqueous environment. It is worth noting that our wet sample chambers remained leak-tight all
through the measurements (up to 6 hours per sample), demonstrating the effectiveness of our approach.
However, the wet sample chambers had to be safely sent to ESRF for the remote beam time to take place.
Therefore, they remained immersed in MilliQ water for one to two weeks before the actual measurement, and
an unforeseen response to this procedure was that one of the components of the chamber left some debris back
on the samples, as visible in the dark field contrast images. The cause of this issue is currently being investigated.
Dark field contrast images of freeze-dried cells (Figure 1¢) show excellent contrast between the cells and the
empty silicon nitride membrane, as highlighted by the comparison with a scan of the same cell type and with
the same step size and exposure time, executed before the EBS upgrade (Figure 1b). The improvement in
brilliance allowed us to obtain a clean, micrometric-sized beam with a higher photon flux (2.5 - 10'? photons/s
instead of 1 - 10! photons/s), so that better photon statistics can be achieved in the same time span. Further
analysis of the individual scattering patterns and their radial intensity decay will reveal the extent of this
improvement.
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Figure 1: a) Dark field contrast image of a silicon-rich nitiride window carrying fixed-hydrated MEFs lacking vimentin.
b) Dark field contrast image of a silicon-rich nitiride window carrying freeze-dried MEFs lacking vimentin and
expressing a human desmin mutant. This scan was taken during experiment SC4893, before the EBS upgrade. c) Dark
field contrast image of a silicon-rich nitiride window carrying freeze-dried MEFs lacking vimentin and expressing a
human desmin mutant. b and ¢ are shown in the same color scale for better comparison.
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