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Cytoskeleton

• Cellular  “skeleton” or “scaffold”

• Function as dynamic structure
– Maintaining cell shape

– Protecting cells

– Supporting cellular motion

– Intracellular transporting

– Cell division

• Cytoskeletal proteins generate harmonious responses to the 
coordinated efforts of cellular networks.

• However, very little is known about the coordinated system of 
these proteins

(www.wikipedia.org)

http://en.wikipedia.org/wiki/File:FluorescentCells.jpg


Colocalization

• Colocalization refers to the degree of overlap between the targets 
indicated by two different fluorescent labels
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Global statistic 
approaches

Authors and years Object-based 
approaches

Authors and years

Pearson coefficient E. Manders, et al., 
1992

Centroid position 
or Intensity 
centers

Y. Boutte, et al., 
2006

Overlap coefficient E. Manders, et al., 
1992

Statisitcal 
significance

S.V. Costes, et al., 
2004

Intensity 
correlation 
coefficient

F. Jaskolski, et al., 
2005

Intensity 
correlation

Q. Li, et al., 2004



Colocalization

• Where        represents the set of pixels in the region occupied by 
the protein    .

• is the intensity distribution of the GFP channel highlighting 
protein    .

• is the intensity transformation of the compartment     .
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Cell segmentation
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• Region growing method with Multi-resolution segmentation
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Raw images
Region growing with 

multiresolution segmentation (J. Cheng, et al., 2009) (W. Yu, et al., 2008)



Protein Segmentation

• GFP intensities vary in different cells and different
images.

• Protein segmentation is applied to set the
appropriate GFP threshold maintaining the balance
between capturing most of the protein information
and highlighting the most specific protein
information.



Protein Segmentation

Thresholding based on correlation measurement

• Find the Threshold:

– Use each GFP intensity level as threshold T

• Pixels with intensities greater than T – selected pixels

• Pixels with intensities smaller than T – unselected pixels

– Min correlation on unselected pixels – Tmin 

– Max correlation on selected pixels – Tmax 

– Mean of Tmin and Tmax
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Protein Segmentation

Thresholding based on correlation measurement
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Intensity Transformation of Subcellular
Compartments- Cell Sample
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Transfection and sample preparation

• HeLa cell line

• 96 Invitrogen GFP-tagged cytoskeletal protein constructs 

• Transfection reagent: Lipofectamine2000

• Concentration: 10ng/ul

• Dyes: 

– Nucleus: Hoechst 33342

– Actin: Texas Red Phalloidin 

1
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Transfection and sample preparation
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Transfection and sample preparation
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2D Image Acquisiton

1
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• Cellomics vHCS: Scan V Target Activation application system

– 20X magnification

• Images of 7 constructs are lost due to system problems

• The image set contains information of 89 constructs

– ~7000 images

– Three channels: 

• Blue-Nuclei

• Red-Actin

• Green-Cytoskeletal protein
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Colocalization of Protein Clusters

Nucleus CytoP CytoS Actin PM protein 

No.

Cluster1 52.42%

±4.54%
47.58%

±4.54%
16.26%

±3.31%
49.40%

±5.41%
14.37%

±5.81%
21

Cluster2 56.63%

±8.48%
43.37%

±8.48%
7.85%

±2.66%
43.96%

±4.66%
37.60%

±4.18%
21

Cluster3 34.70%

±6.08%
65.30%

±6.08%
18.62%

±3.36%
53.23%

±7.53%
20.54%

±5.50%
34

Cluster4 75.72%

±9.07%
24.28%

±9.07%
6.81%

±3.07%
45.99%

±13.04%
15.57%

±7.27%
13



Colocalization of Protein Clusters
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Conclusion

• We developed a computational framework and optimized
every step in the framework to quantify the subcellular
localization of cytoskeletal proteins with a single
colocalization measurement.

• The framework is applied on a two-dimensional image set
containing images of 89 cytoskeletal protein. The subcellular
localizations of those cytoskeletal proteins are quantified
and localization patterns are investigated to provide
references in investigation of protein functions.

• Proteins with unknown functions can be investigated by
comparing with colocalization profiles generated in a
cytoskeletal protein library.
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