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RESULTS
PICK1 (protein interacting with C kinase 1), a 415aa protein ubiquitously 
expressed in human tissues, has a rich physiological role in cell signaling 
based on  protein scaffolding at the plasma membrane,  protein targeting to 
the perinuclear regions of the cell, and recruitment of PKC kinase to its 
targets.  PICK1 has been suggested to be involved in neuropathic pain 
sensitisation and as a candidate schizophrenia susceptibility gene. PICK1 is 
physiologically found in a dimeric form, with each monomer composed of 
a PDZ domain (that binds to the C-terminal tail of cognate protein ligands) 
and a membrane-targeting BAR domain. The PDZ domain was found to 
modulate the activity of the BAR domain [1], but the mechanism remains 
unknown.
We have developed a structural model of this large two-domain dimeric 
protein in order to facilitate the molecular understanding of its function and 
domain interplay. In addition, the role of the PDZ/BAR linker was probed 
with functional assays based on immunocytochemistry and confocal 
microscopy of PICK1 linker mutants. Our initial results point to the 
interdomain linker as an important determinant of the conformational 
properties of PICK1 and of the domain/domain communication within the 
molecule. These are important for the modulation of PICK1 function.

  

Docking
Global search was performed with Zdock [2] 
and Patchdock [3] where the BAR dimer is a “fixed receptor” (homology modeled 
based on arfaptin) and a PDZ monomer is a moveable “ligand” (2GZV.pdb, 
sequence corrected to native). The top 2000 predictions were clustered and 10 
largest clusters analyzed. This protocol was succesfully tested on components of the 
1i4d complex (Rac and Arfapting BAR domains dimer). Three of the clusters were 
compatible with the linker and were analyzed further (see Results).

Correlated mutations
The score for each column pair i, j is derived from the covariance method of Kass 
and Horovitz [4] as implemented by Fodor and Aldrich [5]. For every possible pair 
of columns a list L of all distinct pairs of amino acids is constructed and the 
correlation score is given by 

Nvalid is the number of sequences in the alignment that have nongapped residues at 
both positions i and j, Nobs is the number of times that each distinct pair of residues 
was observed, and Nex is the number of times that each distinct pair of residues 
would be expected based only on the frequency (C) of each residue x in each 
column.

Experimental
COS-7 cells were transiently transfected with myc-tagged PICK1 constructs or 
cotransfected with FlagTac-DAT-C24, which has a C-terminal ligand for the 
PICK1 PDZ domain. Cells were permeabilized, immunostained and analyzed by 
confocal microscopy.The two fluorophores were detected separately, and the 
resulting images were combined using ImageJ software.
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Figure 4 Schematic domain interplay

The PDZ-BAR linker affects BAR activation
The linker region between the PDZ and BAR domain in PICK1 affects activation of 
the PICK1 BAR domain:

Figure 5. A) Linker deletion mutants B) COS-7 cells were transiently transfected with myc-tagged PICK1 constructs C) 
COS-7 cells were transiently cotransfected with myc-tagged PICK1 constructs and with FlagTac-DAT-C24, which has 
a C-terminal ligand for the PICK1 PDZ domain. Top row shows the localization of mycPICK1 constructs (red), middle 
row shows localization of FlagTac-DAT-C24 (green) and bottom row shows the merged pictures.

Possible mechanisms of control by linker:
Various possible mechanisms can be responsible for the effect of the linker on PICK1 
function, including: The linker is needed for binding the membrane, as in endophilin [9]; The 
linker is internal autoinhibitory PDZ ligand; The linker is needed for dimerization; The linker 
is needed to bind additional partners; The linker is needed for PDZ positioning. Mutants were 
designed to address some of these possibilities.
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1. The model of the complex was supported by the nature of the energy vs. RMSD 
relation (energy funnel), correlated mutations, similarity to known PDZ/PDZ 
interaction, and robustness. Interestingly, a region allosterically coupled to peptide 
binding in PDZ domain is in contact with the BAR domain. Mutants were designed 
and expressed to test the interface. These are currently tested for function in 
perinuclear clustering.

2. We have established that the linker plays a role in domain/domain 
communication. Various linker deletions result in a variety of phenotypes: WT 
activity, constitutive activity or lack of activity. The role of the linker is currently 
explored with further mutagenesis.
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Cluster C represents the most probable PDZ/BAR complex:
I. Energy funnel, indicative of the native complex, is found for Cluster C

Figure 1. Local binding energy landscape explored with Rosettadock [6] for top clusters, funnel found for cluster C. 

II. Docking the second PDZ to complex C results in PDZ/PDZ interaction similar 
(4A RMSD) to that found in GRIP1

Figure 2.  2nd PDZ docked to complex C. B. The resulting PICK1 PDZ dimer overlapped with GRIP1 tandem (1n7f.pdb)
The conservation of patches (regions that participate in binding of dfferent partners) was shown
to be useful for knowledge-based docking [7]. Here such prior knowledge was not used in the 
docking process.

III. Docking PDZ-dimer or single PDZ result in similar PDZ positioning (RMSD 3 Å)
                                                                Similar positioning of PDZ when 
                                                                docked alone or as a dimer indicates
                                                                the position robustness.  

IV. Correlated mutations support interaction at the interface
Correlated mutations may indicate positions that co-evolved due to physical 
contact or functional reasons.

Figure 3. Positions with the highest sequence correlation score map to PDZ/BAR interface 
and are in contact with each other. The region that was shown to be allosterically coupled to 
the peptide binding groove is circled. 

In summary, several lines of evidence support cluster C as the probable structure.
Mutants designed to disrupt the predicted PDZ/BAR interactions were expressed
and experiments are underway. Interestingly, in this structure the peptide-binding 
groove is accessible while the region shown to be allosterically coupled to that 
groove [8] is in contact with BAR domain. 
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