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Introduction


Cyclophilins are ubiquitesly expressed peptidyl-prolyl isomerases that are expressed throughout all kingdoms of life.  Several thermophilic cyclophilins have been identified, which begs the question as to whether these enzymes also target proline residues, whether they are peptidyl-prolyl isomerases, and how their structures relate to their mesophilic counterparts. Here, we have determined the structure of a thermophilic cyclophilin from Geobacillus kaustophilus (called GeoCyp) derived from a deep-sea sediment, confirmed that it does isomerizes peptidyl-prolyl bonds of a model substrate, and even identified the mechanism as to how it engages this substrate tighter than its mesophilic counterpart. 
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Experimental


Standard VNMR BioPack sequences were used to assign GeoCyp in both the absence and presence of a previously reported 11-mer peptide substrate.  Rosetta calculations of the free enzyme utilized both chemical shifts and NOEs, while chemical shift-based methods were combined with intermolecular NOEs to derive solution ensembles of GeoCyp/substrate.
Results and Discussion


The structure of the thermophilic GeoCyp is similar to that of the cyclophilin family, however, multiple connecting loops were shorter that the other family members (Fig. 1A).  Solution ensembles of GeoCyp during catalysis of a model substraate indicate that two residues formed a cleft that buried the substrate far deeper than that of the mesophilic counterpart (Fig. 1B).  
Conclusions

The biophysical basis for GeoCyp’s higher affinity for a model substrate relative to its mesophilic counterpart was revealed as a deeper burial of the substrate Phe31

.  
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Figure 1. Structure of GeoCyp.  A) Rosetta structure of free GeoCyp based on chemical shifts and NOEs.  B)  Chemical shift-based structural calculations with interNOEs to a model substrate (red) revealed that the substrate Phe proceeding the catalyzed Gly-Pro was buried deeply into the active site of GeoCyp (yellow surface).








