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Fold space provides principle information about structural and functional diversity of proteins. 

Membrane proteins are localized in lipid bilayers which impose particular constraints onto 

their structure and evolution. Experimentally determined membrane protein structures are 

currently limited thus their fold space is highly underestimated. Meanwhile, fold space of 

soluble proteins has been extensively investigated and recent studies suggested that it is close 

to complete and continuous. Here, we explored the fold space of membrane proteins based on 

structural comparisons between membrane and soluble proteins and found that they share 

significant fold space which is highly connected. Except transmembrane domains, extra-

membrane region of membrane proteins resides in water-contactable folding environment 

similar to soluble proteins. Also, non-homologous recombination has been occurred between 

membrane and soluble protein sequences throughout evolution. From structural comparisons 

between membrane and soluble proteins, we found that they share 350 non-redundant fold 

types of the Structural Classification of Proteins (SCOP) database. Specifically, 71% of 

membrane proteins and 41% of soluble proteins in Protein Data Bank (PDB) have similar 

substructures enough to act as functional domains. From the examination of evolutionary 

relationship between them, we discovered that recently differentiated membrane proteins 

frequently exchanged their extra-membrane domains with soluble proteins to obtain new 

functions for sub-organelle compartmentalization and cell-to-cell communication in 

eukaryotes. Furthermore, from the analysis of genome-wide recombinations between them, 

we discovered that which membrane protein structures can be inferred from soluble proteins 

structures and which membrane proteins would have truly novel fold. Our results for the first 



time bridge the gap of fold space between membrane and soluble proteins and provide 

knowledge of target selection for structural genomics of membrane proteins. 


