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The experiment we report on was aimed at imaging individual isolated nuclei extracted from 
baker's yeast cells (S. cerevisiae) using Ptychographic Coherent X-ray Diffractive Imaging (PCDI). 

A central goal of the method-driven proposal was to obtain 2D reconstructions of fixed yeast cell 
nuclei and to determine to which level of detail substructure of these organelles can be made visible 
by quantitative hard X-ray PCDI.  To this end the nuclear pore complexes in the nuclear membrane 
were gold labelled using immuno-labelling methods. In order to compare different preparation 
methods, both freeze-dried and air-dried isolated nuclei were studied at room temperature.

A second goal was to establish and extend current efforts [1] to optimize the sample environment in 
PCDI towards cryogenic cooling in order to suppress otherwise inevitable radiation damage. In 
addition to the better preservation of the biological structure, such a step  also opens up  a path to 
very high resolution tomographic PCDI of biological cells and organelles which requires cryogenic 
cooling, if radiation damage should be limited below the feature destroying dose [2].

The experiment, conducted in October 2012 at the P10 beamline of PETRA III, was based on 
previous experience [3] with the KB focus of the Goettingen Instrument for Nano- Imaging with X-
rays (GINIX). In particular, it has been realized that the available coherent flux at the instrument 
(provided by  the PETRA III source) is incompatible with the highest detector read-out rate of the 
Pilatus detector, which is around 2e6 photons per pixel per second. Previously, it  was necessary  to 
significantly attenuate the coherent beam, leading to lower resolutions than the instrument is 
capable of supporting. Therefore, an alternate detector, the Mixed Mode Pixel Array  Detector 
(MMPAD) developed in Sol Gruner's group  at Cornell university, was implemented at the beamline 
which allows for a maximum count rate of greater than 4e7 photons per pixel per second [4]. 

In the first phase of the 4-day experiment, the MMPAD detector was successfully commissioned for 
the use at the P10 beamline. The high photon count rate of the detector is especially  advantageous 
for PCDI as it allows the use of the unattenuated P10 beam, resulting in short dwell times of 
between 0.01 and 0.1 seconds per scan point. This enables a reduction in sample drift while at the 
same time maintaining resolutions on the 50 nm level (see Figure 1). It was possible to completely 
characterize the complex wavefront of the KB focus which is a very  useful ingredient for the 
subsequent study of weakly scattering biological samples using PCDI (see Figure 1).



In the second phase both freeze-dried and air-dried yeast cell nuclei were studied using PCDI. 
Ongoing analysis indicates a quantitative imaging of individual nuclei may  be possible, which 
brings PCDI to the organelle level of single eukaryotic cells.

In the last phase of the experiment, unstained cryogenically  cooled yeast cells were imaged, and 
analysis is ongoing (for phase contrast Scanning X-ray microscopy  images, see Figure 2). The 
imaging of unstained, cryo-cooled biological samples can be considered as an important step  in 
terms of methodology, as it brings the GINIX setup to the current state-of-the-art level in PCDI of 
cellular objects [1].

F i g u r e 1 :
(Left) Complex focal wavefront of the GINIX instrumentat the P10 beamline as characterized from a 
ptychographic scan using 31 × 31 scan points arranged on a Cartesian grid with 100 nm step size in 
horizontal and vertical direction. (Middle) Complex reconstruction of the object, a Ta Siemens star test 
object. (Right) Representative diffraction pattern from the scan as measured with the MMPAD detector; the 
scale is in analog-to-digital units (i.e. their log10 values). Note that  the detetor is not  saturated–even at  a 
level of significantly more than 1E7 ADUs in a single pixel. The illumination time per diffraction pattern 
here was 0.1 s.

Figure 2: (Left/right) Differential 
phase contrast images produced 
from a ptychographic scan of a 
frozen-hydrated budding yeast  cell. 
81 × 81 scan points on a Cartesian 
grid were used for the generation of 
these images, with a grid spacing 
(i.e. pixel pitch) of 100 nm. The 
ptychographic analysis is ongoing.
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