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Walk through the Nano-
Cosmos of the Cell

cell nucleus



The last 25 years of chromatin 
structure research

Alberts et al. 1983
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Alberts et al. 1994
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Alberts et al. 2002
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Alberts et al. 2007



Standard FISH vs. 
COMBO-FISH

DNA (BAC) Probe 
Target DNA 

Oligo Probes 
Target DNA 

diploid cell nucleus 
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from COMBO to FISH
5'-ccccctcctctttccc-3'

5'-tttccttctcttctt-3'

5'-tcccttccctttcccc-3'

5'-ttctcctctccttcccccc-3'

5'-cttctctccctctttc-3'

5'-ccccttctcctccccc-3'

5'-ctcttccttcctctctc-3'

5'-tccctcctctctttc-3'

5'-ctctcctcctttctcc-3'

5'-tctccccctcccttcct-3'

5'-cttccctcccttcccc-3'

5'-ccttctctttccttttctct-3'

5'-ccctcccttctctctttctc-3'

5'-cctcctcttccctccttc-3'

5'-tccctcctccttcccc-3'

5'-tctcccctcttcctcc-3'

5'-tcttcccttccctccct-3'

5'-tctccccttccctcctcc-3'

5'-cccctctctttctctc-3'

5'-tcctccctccttctctccc-3'

5'-tcctcttcctctccccc-3'

5'-ccctctcctttccctcc-3'

5'-ctcctcctctttcctt-3'

5'-ttcttctcttttccctc-3'

5'-ttctttcctccctttcttc-3'

Imaging  

2D: Her2 + GRB7 

3D: Her2  

Probe selection

Imaging Diagnosis

From laboratory 
to clinical application



Relation Her2/neu to CEP17 
can be connected to breast 

cancer
5

Fig. 3. Left: run time measurements of total variation denoising averaged over 10 runs for one image for smoothing parameters λ ∈ [1, 100], Right: run
time measurements of tophat transform averaged over 10 runs for one image for r ∈ [1, 10]

Fig. 4. Left: classification result for 6 patients for normal and malign tissue samples obtained with the 2d-mode of the algorithm, Right: obtained with
3d-mode of the algorithm

TABLE II
P-VALUES STATING THE SIGNIFICANCE OF THE DIFFERENCE IN THE

HISTOGRAMS OF NORMAL AND MALIGN TISSUE SAMPLES

Patient 1 2 3 4 5 6

p-value 2d-mode 0.1181 0.0005 0.0019 0.6319 0.0059 0.6459
p-value 3d-mode 0.0172 0.0097 0.0021 0.0014 0.3824 0.4225

Fig. 5. Classification result for 6 patients for normal and malign tissue
samples obtained with the 3d-mode of the algorithm with Gaussian denoising
instead of total variation

of Her2/neu to CEP17 are far below 1, indicating that some
Her2/neu markers were not detected. This was to be expected
beforehand, as Gaussian blurring does not only discard of
noise but also blurs small spots and decreases their intensity, so

that they are assigned to the background after denoising. The
systematic lowering of the ratios for malign tissue compared to
Fig. 4 is also due to the fewer signals. Moreover, the blurring
promotes the clustering of marker signals so that the region
labelling will combine them to one marker, further aggravating
this tendency. As a result, Gaussian blur is not suitable for
denoising fluorescence microscopy images as shown in Fig. 1.
On the whole, our method yields 17% of incorrectly classified
patients using the mean ratio of Her2/neu to CEP17 signals
as feature. Taking into account the low quality of the fluores-
cence microscopy images, the correct signal counting rate is
competitive to the 11% obtained in [23] for images of higher
quality.

VI. CONCLUSION AND OUTLOOK

We showed that total variation excels over Gaussian con-
volution for denoising fluorescence microscopy images with
strong Gaussian noise that are taken for Her2/neu gene am-
plification detection in archival formalin fixed, paraffine-wax
embedded tissue samples. The subsequent classification based
on the standard counting of the Her2/neu to centromere 17
signals led to 1 misclassification out of 6 arbitrarily chosen
patients from our data base, which yields 17% misclassifica-
tion rate due to incorrect signal counting. This is competitive to
results achieved by other algorithms on images of even higher
quality that yield incorrect counting rates of about 10-25%
[12], [23]. Although being tested to determine the Her2/neu

Wagner J, et al.; 2011;  MIAAB



Diffraction Limit in 
Conventional Light Microscopy

Resolution limit (diffraction limit): 
Full Width at Half Maximum of the Point Spread Function (FWHM of PSF)
not considering: optical separation by different colours or dye effects



Spectral Position 
Determination Microscopy 



SPDM: Localization Nanoscopy 
Using Dyes that Undergo 

Reversible Photobleaching
Time stack of images:
400 – 2000 frames

Precision
Localization: < + 5 nm

Resolution
Distance: ~ 10 nm
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SPDM of Nucleosomes 
HeLa Cell Line with H2B - GFP
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SPDM of Nucleosomes 
Metaphase Chromosomes
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           next neighbour distance [nm]       

no significant compaction difference



3D – Nanoarchitecture of 
Nucleosomes

Neighbors
200 nm / 1000 nm

Localization image of 
nucleosomes: 

Detected fluorochromes: 
~ 70000 /image section



3D – Nanoarchitecture of 
Nucleosomes



3D – Nanoarchitecture of 
Nucleosomes



SPDM of Nucleosomes: 
Fibroblasts HeLa Cell Line

Nanoscale results: 

 Distinct structures below 
  dimensions of 100 nm

 Different expression 
  mechanisms lead to 
  different structures

 No cell type dependence

Bohn M, et al.; 2010;  Biophys. J.



SPDM of Hetero- and of Eu-
chromatin after γ - irradiation

Cluster 
determination:
Within 40 nm 
minimum 
3 next 
neighbours

Nucleosomes: 
    H2A-YFP
    H2B-GFP

Alexa 568: 
antibodies against 
heterochromatic 
regions: 
H4K20me3

antibodies against 
euchromatic 
regions: 
H3K4me3



Changes of Nanoarchitecture 
during Repair 

0.5 Gy

4 Gy

all nucleosomes



Changes of Nanoarchitecture 
during Repair 
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4 Gy
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Changes of Nanoarchitecture 
during Repair 

0.5 Gy

4 Gy

all nucleosomes heterochromatin euchromatin



• Distance measurements in the 10 nm range (= 1/50 
wavelength of green light) with a precision of < 5 
nm

• Tool to analyse 2D/3D nano-structures in intact 
nuclei and cells

• Fast image acqusition (~ 2 min / 2D; ~ 2 h / 3D)

• Approx. 2 GB per 2D SPDM image / 100 GB per 
3D SPDM image

Conclusion
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