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Chapter 8 
 

Dynamic coupling of PTB RRM3 and RRM4 
 

 One of the more interesting implications of the interaction between PTB RRM3 

and RRM4 is the possibility of allosteric connection of the binding sites in PTB1:34.  We 

already know that the interaction changes both the motional properties of the protein and 

its ability to bind RNA.  However, the root of these changes remains to be determined.  

The fact that RRM4 is folded and quite stable as an individual domain, yet only 

participates in the RNA binding event when coupled to RRM3 in the context of PTB1:34 

suggests some form of communication between the binding sites of RRM3 and RRM4 

(Maynard and Hall, 2009).  Since no large scale structural rearrangements occur as a 

result of the interaction, the means of communication must be more subtle, possibly 

involving dynamic, small scale structural changes.   

 

 Minor rearrangements of secondary structure usually occur on a microsecond 

timescale.  This leads to the hypothesis that the communication between PTB RRM3 and 

RRM4 binding sites may occur via a network of non-covalent contacts that are ushered 

through the protein by small scale rearrangements of secondary structure.  This idea is 

consistent with the increased motions and decreased secondary structure observed upon 

interaction of these RRMs. Guided by a recently developed method to identify pathways 

of non-covalent contacts (Bradley et al., 2008), we have produced a mutant protein that is 

likely to decouple the RNA binding sites without physically separating the domains.  This 

mutant protein will allow us to probe further into the importance of communication 

between the RRMs, particularly in regard to RNA binding and protein dynamics.   
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Identification of communication pathways 

 Possible paths between the binding sites of RRM3 and RRM4 were determined 

using the method described in Bradley et al., 2008.  Binding sites were defined as the set 

of residues involved in RNA binding of each domain in PTB1:34 for both RNA tetramer 

binding studies (Oberstrass et al, 2005) and the binding studies involving a longer RNA 

described in Chapter two. Using numbering from PDB ID:2EVZ (Oberstrass et al., 2005), 

these residues include: G12, V15, V16, N22, Y38, V41, Q42, R43, I83, K105, I126, 

H134, L135, K169, L199, V201, S202, F203, S204, K205 and I208.  It is important to 

point out that the method for determining non-covalent contacts does not account for 

hydrophobic contacts.  Since the interaction between the RRMs is primarily hydrophobic 

(Vitali et al., 2006), a good deal of the possible pathways may be missed.  However, any 

pathways that do emerge from this analysis will be likely to include residues that can be 

mutated with less chance of protein destabilization.   

 

 The above analysis yielded a single residue, arginine 114 (numbering from PDB 

ID: 2EVZ), that was present in 80% of all possible paths between binding sites.  Likely 

there exist many more paths that were missed due to incomplete binding site definitions 

(as discussed in chapter 2), as well as the fact that the analysis does not account for 

hydrophobic interactions.  Nonetheless, the goal was to identify a single residue for 

mutation, so a mutant with R114 changed to an alanine was prepared (Figure 1).   

 

The PTB1:34R114A mutant 

 The DNA for the PTB1:34R114A mutant was generated using a Stratagene site 
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directed mutagenesis kit.  PTB1:34 DNA was used as a template, and the primers were 

5’-CTCACCCCTGCACGCCTTCAAGAAGCCG-3’ (top) and 5’-

CGGCTTCTTGAACGGGTGCAGGGGTGA-3’ (bottom).  Mutated DNA was 

transformed into E. coli BL-21 DE3-gold competent cells, and protein production and 

purification ensued exactly as for PTB1:34 (chapter 2).   

 

 Initial characterization began by comparison of secondary structure using CD, and 

shows that the spectra of PTB1:34 and PTB1:34R114A are nearly indistinguishable, as 

expected (Figure 2).  GndHCl denaturation revealed that the proteins have similar 

stability, but slightly difference profiles.  In particular, the initial increase in ellipticity 

observed at low concentrations of denaturant in PTB1:34, that was tentatively attributed 

to domain separation, is missing in the denaturation profile of the mutant (Figure 2).   

This result is encouraging as it shows that the thermodynamic properties of the mutant 

are indeed different from the wild type protein, however, more work needs to be done to 

ascertain whether or not the domains are uncoupled but not physically separated.  Simple 

RNA binding studies are also necessary to determine the functional consequences of the 

mutation.   

 

 Initial attempts to prepare a 15N labeled sample for NMR backbone comparisons 

were not successful.  While the protein expresses well in LB media, the expression is 

poor in M9 minimal media, even though cell growth does not seem to be compromised.  

However, after only two attempts, there is no reason to think that this obstacle is 

insurmountable.  In the meantime, many RNA binding studies could be done that would 
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be very informative.     
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Figure 1:  Arginine 114 may be important for communication between PTB RRM3 

and RRM4.  The three-dimensional structure of PTB1:34 is shown (PDB ID:2EVZ) with 

the β-sheet surfaces in magenta (the putative RNA binding surfaces) and R114 in orange 

licorice.  R114 was mutated to an alanine in an attempt to decouple the domains without 

physical separation. 
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 Finally, the nature of the interaction between PTB RRM3 and RRM4 implies 

allostery.  We have designed a protein mutant intended to disrupt the communication 

between the two RRMs without physically separating them.  This protein expresses well 

and is stable, facilitating future structure and dynamics studies that may be of great 

interest.   

 

Hopefully, the work presented herein not only enhances our understanding of 

protein systems but opens the door for future studies as well.    
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