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The image quality obtained in Single Molecule Localization Microscopy (SMLM)
experiments in principle permits representation of biological structures with a resolution in
the 10 nm range. However, analysis of the texture and conformation of the structures
observed in these images is hampered by the lack of suitable image analysis tools. For
instance, nuclear chromatin during interphase forms structures at the nanoscale, with distinct
functional units of various degree of condensation [1]. The interdependency of arrangement,
condensation and level of activity is subject of ongoing research. Chromatin nano-architecture
cannot easily be observed with conventional microscopy due to the limited optical resolution.
To overcome this problem, we have recently developed methods for super-resolution imaging
of nuclear DNA using single molecule localization microscopy (SMLM) which are able to
provide images of chromatin nanostructures down to sizes of about 40 nm [2,3].
Here, we introduce SMLM-ConText (conformation and texture), a new software tool for the
quantitative analysis of the distribution of signals from DNA-binding dye molecules in
SMLM images. SMLM-ConText uses a combination of pixel size optimization,
thresholding, morphological operations, and edge detection to yield a single conformation and
texture parameter (CTP) describing e.g. the nuclear chromatin organization on the single cell
level, allowing us to quantify and differentiate between nuclei with low, medium, and high
level of chromatin condensation.
We applied this software to experimental SMLM data obtained from two sample populations
of mouse cardiomyocyte HL-1 cells, one population subjected to oxygen and nutrient
deprivation (OND), and a control group. We found that the CTP decreases drastically upon
OND treatment and hence is correlated to gene activity. We applied the method to a third
population of cells (neuroblastoma, Neuro2a), and compared the results to those obtained
from the HL-1 cells. The differences for the CTP were found to be statistically highly
significant.
Our software is robust, fast, and easy to use as it requires only two input parameters. It
promises a valuable tool for routine application of SMLM microscopy (e.g. in clinical
diagnostics) not only for analysis of nuclear chromatin on the single cell level, but also for
applications on both cultured cells and tissue sections, e.g. related to neurodegenerative
diseases, cell differentiation, cancer treatment and drug development.
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