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Abstract

A short linear motif (SLiM) is a recurring pattern of approximately three to ten
amino acids found in proteins. SLiMs are important for cellular signaling and the
regulating of proteins, often times by acting as binding sites for protein-binding
domains. While SLiMs exist both in ordered regions of proteins where there is a
tertiary structure and in disordered regions where there is no structure, they are
primarily functional in disordered regions. An important example of SLiM-mediated
processes and the focus of this study is endocytosis. Endocytosis is the process
by which cells engulf molecules from the extracellular environment. There are
specific motifs that mediate and trigger endocytosis. However, the short length
of motifs means that it is easy to overlook those that may be important to
biological functions. The goal of this study is to identify previously unrecognized
proteins that may be involved in endocytosis by analyzing the distribution of
motifs in the ordered and disordered regions of the human proteome. Using a
bioinformatics approach, we systematically searched the entire human proteome
for motifs known to be involved in endocytosis. We hypothesize that the
proteins we find to be enriched with motifs in disordered regions may be
functionally important for endocytosis. These proteins will be targeted for
experimental validation.

Figure 2A: Steps of the clathrin-coated pit formation.2

Figure 2B:  The major players in the initiation of CME. 
The cargo binds to its respective transmembrane 
receptor, which AP2 then binds to in order to create a 
bridge to clathrin.2

Conclusions

! The distribution of motifs in the disordered versus 
ordered regions are not always enriched in 
endocytic proteins. 

! We identify dozens of proteins that are enriched 
for CME motifs in their disordered regions. These 
can be targeted for further experimental testing for 
involvement in the CME pathway.

! Many of these identified proteins are not 
experimentally characterized with functional motifs 
according to the Eukaryotic Linear Motif database 
(http://elm.eu.org/). 
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All code and data is available from https://github.com/cbethell/motifs

Figure 3:  This plot shows motif distributions for the known the CME proteins (the five subunits of AP2 and the associated kinase, AAK1).

A subset of  identified candidate CME proteins

Figure 1: The AP2 Protein Adaptor 
Complex, colored by its subunits: 
AP2A, AP2B1, AP2S1, AP2M1.1

Distribution of  select CME motifs across the human proteome
These plots represent heatmaps of proteins organized 
by their distribution in the disordered and ordered 
regions for the several endocytic motifs. Each rectangle 
(or hexagon) is colored based on the number of 
proteins that have the respective number of motif 
instances in the ordered and disordered regions. The 
rectangles found above the green y=x line on each plot 
represent the proteins that are enriched for the motif 
in the disordered regions. 
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