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Transient protein-protein interactions (PPIs) occur in signaling and 

metabolic pathways. Studying PPIs will provide insight to these pathways, 

which is important for developing drugs that target PPIs and disrupt 

pathways related to disease. The binding affinities of transient PPIs will be 

quantified by utilizing two new techniques: nano-reaction chambers and 

super-spatiotemporal resolution microscopy. To validate these new 

techniques, a series of complexes with various binding affinities and 

interaction times will be developed. 

Rapamycin binds to the FK506 binding protein (FKBP) and the 

mammalian target of rapamycin (mTOR) to form a ternary complex. The 

part of mTOR that participates in binding to rapamycin is called the FKBP-

rapamycin binding domain (FRB). Binding affinities have previously been 

quantified for all components of the FKBP•rapamycin•FRB ternary complex, 

with the exception of the protein-protein interaction between FKBP and 

FRB, which may be too fast for previous techniques to characterize. The 

rapamycin binding pocket of FRB was modified by site-directed 

mutagenesis to form six FRB mutants that bind more weakly to and 

dissociate more quickly from the FKBP•rapamycin complex. The transient 

interactions between the FRB mutants and the FKBP•rapamycin complex 

will be characterized at the single-molecule level with new nano-reaction 

chambers. A consecutive fusion mechanism enables a single mutated 

ternary complex to form inside a single nano-reaction chamber. Interaction 

traces will be collected over time to detect the association and dissociation 

of this complex. The mutated ternary complexes will also be characterized 

by a new super-spatiotemporal resolution microscope that will provide sub-

millisecond temporal resolution of this in vitro system. The characterized 

mutant complexes will be used as binding affinity markers to validate the 
kinetic properties of transient PPIs in various biological pathways.
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