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Identification of network motifs in signalling network

In recent years analysis of biological networks leaded to the identification of network patterns (or network motifs), which have importance in biological activation, regulation and adaptation. In signalling pathways there are several network motifs but systems-level identification and exploration of network topological properties of network motifs have not been done in larger signalling networks. Therefore, our aims were to identify and examine network motifs with 3 proteins and 3 connections (i.e, feed-forward and feedback motifs) in a signalling network. We used a database called SignaLink, developed earlier by our research group. SignaLink database (http://signalink.org) contains 8 important signalling pathways with their member proteins and connections. During the motif-identification we used a computer application, Cytoscape with its NetMatch plugin. The identified network motifs were manually checked one by one. Next, we checked the occurrence of cancer-related mutations in the genes encoding proteins forming network motifs. During this examination we used mutation data from the COSMIC database. We defined 4 motif categories and found 676 motifs in the signalling network. As SignaLink database contains pathway annotations for all of the proteins, we also used the pathway annotations for the analysis. We defined “pathway-motifs” and examined these motifs. For the motifs, regulated at the initial proteins (front-regulated category), we found EGF-MAPK, WNT, TGF, IGF and Notch pathways significantly more common, while by back-regulated category (where the terminal protein is regulated) EGF-MAPK, TGF and Hedgehog pathways were more common. Next, we examined the topological roles of signalling proteins in the different motifs. We found that in the initial protein of the feed-forward motifs receptors and co-factors were more frequent, while transcriptional factors were more rare. We examined the tissue expression of network motifs and could define two categories: (1) tissue-specific network motifs, and (2) common or house-keeping motifs. We examined whether the network motifs are inside the signalling pathways or between signalling pathways (i.e, cross-talks). We also examined medical relations and pharmacological impact of the network motifs. Overall, we think that the current work could help us to understand the systems-level properties of network motifs in signalling networks and could facilitate drugs target discovery and side-effects evaluation.



