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THESIS SUBJECT: Inter-domain interactions in the folding mechanism of multi- domain proteins - Unraveling Principles of PDZ- mediated Cell Signaling - PDZnet

PREMISE: 
PDZ domains are protein-protein interaction modules involved in crucial signalling pathways and scaffolding. They are often imbedded in multidomain proteins and can form supramodules either of multiple PDZ domains (PDZ1 and PDZ2 tandem of whirlin) or with other domains such as Src Homology 3 (SH3) domain and guanylate kinase (GK) like domain (PDZ3-SH3-GK supramodule in PSD-95). While presenting a conserved three dimensional structure, a substantial number of PDZ domains display structural extensions suggested to be involved in their folding and binding mechanisms. 
My PhD is focussed on the understanding of how associated multi domain proteins influence their folding and function. 
Consequently, the early stages of my project have been directed in studying the most simple case of inter-domain communication in PDZ domains, which is represented by the extra C-terminal helix (α3) of the third PDZ domain from PSD 95 (PDZ3). This additional element has been reported to have a role in function of the domain as well as in the stabilization of the native fold. This year I have completed the phi-value analysis of a truncated variant of PDZ3 without the helix extension (PDZ3α3) as well as binding experiments for double mutant cycles. I have also performed binding experiments to test an inhibitor designed for the first PDZ domain of NHERF1. 

METHODOLOGY AND RESULTS: 
In order to test the effect of the α-helical extension in the folding of PDZ3, we used a fluorescent pseudo-wild type variant of PDZ3, where a Phe residue is replaced with a Trp in position 337 (F337W). Thus, all experiments on PDZ3 and PDZ3Δα3 were performed using Trp337 as a probe to monitor fluorescence change upon (un)folding. For the phi-value analysis and double mutant cycles, a number of site-directed mutants of PDZ3Δα3 have been produced.
The work was delayed due to low stability of the mutants lacking α3. The expression and purification protocols were improved and all the folding kinetics experiments were performed with fresh protein.
The folding and unfolding of PDZ3Δα3 variants were investigated by stopped flow kinetics, by rapidly mixing the native protein with solutions containing different concentrations of urea (unfolding) and by diluting the urea denatured protein with buffer (refolding). Folding was then recorded by monitoring fluorescence emission >320 nm. 
The results show that in TS2 folding is very robust and, with the exception of 1 value that goes to a >1 phi, all phi values are very similar in PDZ3 and its truncated counterpart. 
On the other hand, in TS1 we observe that truncation causes an increase of phi values in the region of helix2 and beta6, indicating that the early events for folding are different in the two proteins and an alternative nucleus is promoted.
This work will be continued and analyzed. 

The double mutant cycle analysis for peptide binding could not be performed for the comparison with/without α3, because the truncated PDZ3 domain was sensible to photolysis during the equilibrium binding titration, and the kinetics of the binding reaction were too fast due to low affinity with the peptide ligands. Thus, this part of the project will be abandonded but it will not affect the training of ESR7 who has already published a paper on the folding mechanism (5), nor will it affect the overall project.

RS5517 is a new PDZ1-domain antagonist of NHERF1. Binding of PDZ1 NHERF1 Y38W to the ligand Dansyl-NDSLL in the presence and in the absence of 5 mM RS5517 were performed and fluorescence data were recorded in the presence of 50 mM Na phosphate, pH 7.2, 300 mM NaCl, 5 mM DTT, 20% DMSO, at 25 °C. Results show that binding between PDZ1 NHERF1 Y38W to the ligand Dansyl-NDSLL is abolished in the presence of RS5517. This data was published.

PUBLICATIONS
1.	Saponaro, Concetta, et al. "β-catenin knockdown promotes NHERF1-mediated survival of colorectal cancer cells: implications for a double-targeted therapy." Oncogene (2018): 1.
PARTICIPATION TO COURSES / MEETINGS

1. 5th Workshop Physics of Biomolecules: structure, dynamics and function, Bressanone, February 2018.
2. Stay at NZYTech for a scientific collaboration June-July 2018.

