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Introduction Image processing pipeline for a cell 
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Future work 

The distributions of proteins affect function by scaling 
the probability of the interactions in which those proteins 
participate. The opportunity for interaction is proportional 
to the product of the concentrations of the proteins 
involved. 

Protein location can be found by cell fractionation or 
inferred by computational predictions based on sequence or 
structure. Fluorescent microscopy coupled with fluorescent 
labeling of proteins presents an alternative method that can 
provide high-resolution spatial information that allows 
distinction between localization patterns with differences 
too subtle to distinguish by eye [1] and measurement of 
co-localization given more than one labeled protein. 

Immunological synapse formation between T cells and 
antigen-presenting cells provides a system in which 
spatiotemporal patterning is known to occur. The system is 
easily imaged, and the time at which synapse formation 
occurs can be identified from videos, easing comparison of 
the behaviors of multiple cells. However, we must develop 
an image processing pipeline that can create precise 
spatiotemporal maps of protein intensity from low-
resolution images of cells with high variability in shape (Fig. 
1). 

Here we present an automated system for quantifying 
the spatiotemporal distribution of a protein from time-
series images. We then compare the distributions of nine 
proteins across two conditions by hierarchical clustering. 
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• Increase precision of segmentation, alignment, and 
morphing. 
• Compute low-dimensional parameterizations of the fully 
3D distribution in the template. 
• Infer interactions between imaged proteins. 

Our image processing pipeline for individual cells takes 
as input portions of images centered at immunological 
synapses and produces comparable images of cells (Fig. 2). 
First, large variations in enrichment within the cell are 
flattened by histogram equalization to produce an image 
where cells are largely close to white and the background 
closer to black. Second, the image is segmented using the 
snakes active contour method [2] after initializing with a 
sphere centered at a local intensity maximum. Third, the 
cell is transformed to a standard shape by applying a 
nonrigid image registration (morphing) method [3] to 
change the segmented shape to a half-ellipsoid. The same 
transformation is applied to the intensity image. After this 
pipeline processes many cells, models of intensity are 
constructed by taking the average of standardized images 
of these cells (Fig. 3). 
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Problem Statement 

Given 3D movies of helper T cells expressing a 
fluorescently labeled protein near the time of synapse 
formation, build a generative model of the spatiotemporal 
distributions of proteins within the cell.  

Figure 1: Heterogeneity in cell shape and protein 
distribution. Cells are expressing ARP3–GFP and are 
false-colored (color bar on right). 

Images of 
fields 

Segmentation 

Images of 
individual cells 

Rigid alignment 
and morphing to 

half-ellipsoid 
template 

Images of 
individual cells 
with uniform 

shape Distribution model 
construction and 
averaging over 

many cells 
Protein 

distribution 
models 

Top Front 

Figure 2: Pipeline starting with 3D images containing 
individual cells and ending with protein distribution 
models in a standardized coordinate system. 

Figure 3: Average intensity models for three proteins 
at two time points, color bar at center. Cofilin 
maintains a significant presence in the nucleus and 
reduces its interfacial enrichment at three minutes; 
WASP does the same while staying outside the 
nucleus; and myosin II switches from a distal to an 
interfacial pattern. 
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Clustering spatiotemporal models 

We compare proteins by hierarchical clustering. We have 
data for nine proteins under full stimulus (i.e., interaction of 
T cells with both major histocompatibility complex and B7 
on the APC) and B7 blockade. In Fig. 4, we show that the 
distributions of some proteins change more significantly 
than those of others due to this difference in stimulation. 

Figure 4: Hierarchical clustering of 3D average 
intensity models of proteins in full stimulus or B7 
blockade conditions. 


