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Introduction Results

Proteins perform many functions of the cell. In one context, proteins act as ‘message passers' that mediate
the cell's response to a stimulus. Phosphorylation (the addition of a phosphate group) acts as an ‘on-off”
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Objective: We want to group phosphorylation sites by similar temporal pat-

terns in order to obtain insight into the organization of the signalling pathway. The clusters above show tuzzy K-Means run with 7 clusters. Two ot these clusters contained a total of five
peptides, and are not shown. The peptides (labeled in the gray box) are shown in red, with the cluster aver-

: : age shown in black. Many of these clusters agree with the known topology of the pathway - for example,
Data DQSCFlpthl/l the Fc IgE receptors are grouped together, with the sgammas (in Cluster 3) and the betas (in Cluster 5) both
phosphorylated early. Interestingly, Cluster1is bimodal, capturing proteins that are phosphorylated twice
over the course of the experiment. There is some evidence that SHC behaves in this way, butfurther experi-
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Future Work

Art Salomonss lab is currently generating time series with mutant cells. The pathway will be measured
with different members missing, and interpreting these "’knock-out” experiments is nontrivial.

100000
90000 -
80000 -
70000 -
60000 -
50000 -
40000
30000 -

20000 Original Pathway Protein 2 Mutant Protein 1 Mutant
° o ©
© O ©

Peak Area

/

Osec 10sec 30sec 1min 1.5min 2 min 3 min 5min 10 min

/ Time Points

Non-Uniform Time Measurements

Each phosphorylated residue corresponds to a nine-dimensional vector X = (X,... X..... ... Xou):
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One Approach: Fuzzy K-Means Clustering References
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K-Means clustering groups vectors into a specified number of clusters by minimizing the (euclidean) dis-
tance of each vector to the mean of all vectors in that cluster. Fuzzy clustering allows a point to be shared
by many clusters, blurring the rigid cluster boundaries. This approach has been used to analyze gene ex-
pression time series.




