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Introduction 

My PhD thesis is concerned with one of the most conservative eukaryotic protein, the 

10 kDa dynein light chain (DLC) and its two binding partners: myosin 5a and p21-activated 

protein kinase 1 (Pak1).   

There are two paralogues of DLCs in vertebrates (DLC1 and DLC2) that differ in only 

6 amino acids out of 89, while the eukaryotic orthologues have over 90% protein sequence 

similarity. Such high conservation is not surprising considering the large number of their 

recently identified interacting proteins. Among these are nNOS, Gephyrin and GKAP that are 

located in the postsynaptic density, while the mammalian NRF-1 and ERα play role in the 

transcription regulation. ATMIN, an ATM interacting protein, is involved in nuclear 

transport. Moreover, DLC is suggested to play a role in apoptosis; the proapoptotic proteins 

Bim and Bmf are sequestred to the cytoskeleton by binding to DLC. Swallow, IκBα and 

several virus proteins are also among the DLC interacting proteins. 

DLC has a homodimeric structure that dissociates to its monomers in an acidic (pH 3) 

environment. It was shown that the ligands bind to a groove formed by the dimerization 

interface with two consensus sequence ((K/R)XTQT and G(I/V)QVD) that were considered 

as DLC binding motifs. However, a few proteins bind to DLC without having the consensus 

sequence (myosin 5a, Pak1, IκBα). My PhD thesis focuses primarily on these latter proteins.  

Myosin 5a was identified as a calmodulin binding protein in chicken brain tissue. The 

human genome contains two additional myosin 5 heavy chains (-5b and -5c), but myosin 5a 

is the most abundant in neurons. A new light chain was identified during the isolation of 

myosin 5a which was found to be similar to DLC. The DLC binding region of myosin 5a 

(between amino acids 1236-1420) contains the alternative exons B and D (splice variant 

containing exon B is brain specific), the functions of which were unknown. Myosin 5a walks 

along the actin filament toward the positive end, and acts as a processive motor in short range 

organelle transport within the cell. Structurally it consists of two heavy chains that dimerise 

to a two-headed elongated protein. The N-terminal motor domain and the C-terminal globular 

domain are connected by a structurally segmented coiled-coil rod region, the subject of our 

investigation. The globular tail domains fold back to the heads, thereby transforming the 

myosin to a blocked (“switched off”) state.  

The other protein that is subject of our research is Pak1, a Ser/Thr kinase activated by 

Cdc42 and Rac, which regulates cytoskeleton reorganization, cell proliferation, cell survival 
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and apoptosis. Pak1 was shown to be not only the binding partner of the DLC, but a protein 

kinase that phosphorylates its S88 site.  

 
Aims of my study  

1. Previous studies indicated that DLC binds to the tail region of myosin 5a. My goal was to 

locate the exact DLC2 binding site on myosin 5a; to examine the stoichiometry and 

strength of the binding, and to determine the structure of the complex.  

2. I sought to find out whether myosin 5a is capable to transport other DLC binding 

partners within the cell employing DLC as cargo adapter.   

3. The structure of the rod region of the myosin 5a is predicted to be segmented coiled-coil. 

I aimed to examine the structural effect of the DLC binding on myosin and the 

functional consequence thereof.  

4. Previously, numerous proteins were shown to bind to DLC. I attempted to describe DLC 

binding partners in addition to myosin 5a to find common characteristics. I wanted to 

study those DLC binding partners that do not contain the DLC consensus binding motifs 

(examples for such are IκBα, PKIα and Pak1), or conversely, contain multiple binding 

motifs (e.g. ATMIN).  

5. As Pak1 is not only bound to DLC, but does also phosphorylate it on Ser88,  I listed 

among my aims to examine the (structural) effect of this phosphorylation on DLC. I 

raised the question whether this can be a regulatory process, i.e. whether any difference 

can be observed with respect to the binding strength or the binding partners 

compared to the non-phosphorylated state. 
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Methods  

We prepared over fifty DNA constructs that were expressed in E. coli, S. cerevisiae or 

mammalian cells. 

For the mapping of the DLC binding site on myosin 5a, and to identify the role of exon B, 

size exclusion chromatography, GST “pull-down” assay and co-localization assay were 

performed.   

The binding surface of DLC for the myosin 5a peptide was investigated by GST “pull-

down” assays, NMR spectroscopy as well as molecular docking. 

The structural stabilization of the myosin 5a tail region, as a consequence of DLC 

binding, was confirmed by circular dichroism spectroscopy and limited proteolysis.  

We determined the stoichiometry and the binding strength of the DLC – myosin 5a 

complex by native PAGE and isothermal titration calorimetry measurements. 

The structural characterization of the DLC binding region on myosin 5a was performed 

by in silico prediction methods, X-ray crystallography and NMR measurements. 

The binding of DLC to IκBα, PKIα or ATMIN proteins was studied by size exclusion 

chromatography,  „pull-down”-assay, circular dichroism spectroscopy and yeast two-hybrid 

system.  

Yeast two-hybrid system also helped us in the identification of the DLC binding site on 

Pak1 kinase. 

We tried to confirm the DLC phosphorylation by Pak1 using kinase activity assays. 

To demonstrate the effect of the Ser88 phosphorylation on the DLC structure, size 

exclusion chromatography, circular dichroism spectroscopy and analytical ultracentrifugation 

were applied. 

We used native PAGE and size exclusion chromatography for the binding assays of the 

phosphorylation-mimicking DLC mutants. 
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Summary of the results 

Characterization of the myosin 5a – DLC complex  

By producing progressively shorter protein constructs of myosin 5a heavy chain, we 

localized the DLC binding site between Ile1280 and Ile1294. This segment is located 

between the medial and distal coiled-coils of the tail. 

We have discovered the previously unknown function of the alternative exon B that is 

only three amino acids long, and forms part of the binding site. Its expression is indispensable 

for the DLC binding. 

We also mapped the myosin binding site on DLC: we demonstrated that myosin 5a 

also binds into the subunit interface groove of the DLC, similarly to the proteins containing 

consensus DLC-binding sequence.   

We determined that the stoichiometry of the myosin 5a – DLC complex is 2:2, that is, 

one myosin dimer binds to one DLC dimer. We also concluded that dimeric myosin 

fragments bind to DLC several orders of magnitude stronger than monomeric peptides. The 

difference in the binding strength between the dimeric and monomeric fragments is caused 

mostly by avidity.  

Our results show that the binding of DLC has a structure-stabilizing effect on the 

medial and distal coiled-coils of the myosin 5a tail region. The dimeric (coiled-coil 

containing) myosin fragments denature at higher temperature in the presence of DLC, and 

exhibited greater stability against proteolytic enzymes than the apo form. DLC could act like 

a ‘molecular glue’ by binding simultaneously to both myosin 5a heavy chains, hence 

stabilizing their structure. Based on the above results we conclude that DLC is unlikely to 

play a role in intracellular transport as a cargo adapter. 

Studies of other DLC binding partners 

The stabilization effect of the DLC binding is presumably true for other DLC binding 

partners as well. In silico sequence analysis indicated that the majority of DLC binding 

proteins contain their DLC binding motif within an intrinsically unstructured region, close to 

a coiled-coil region. Unstructured short linear binding motifs could be the key to the ability of 

interaction with a wide range of binding partners.  

Some DLC binding proteins have been shown to be components of larger complexes. 

They act as scaffold proteins, and their structure is stabilized by DLC binding, hence they 
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could form additional platforms to bind other proteins. ATMIN is such a scaffold protein in 

which we have identified several tandem DLC binding sites. 

In the potential DLC partner proteins, IκBα and PKIα, we could not confirm specific 

DLC binding even by employing several different methods. However, we narrowed down the 

DLC binding region of Pak1 between Ser204-Thr229, and proved that, despite its non-

consensus binding motif, it also binds to the binding groove of DLC, like the other known 

interactors.       

Regulatory role of the DLC dimeric-monomeric transition 

We could not reproduce the previously published phosphorylation of DLC by Pak1. 

According to our results, Pak1 phosphorylates only the thrombin cleavage site of the His-tag 

– that was used to facilitate the isolation of the recombinant protein –, and not DLC Ser88. 

Nevertheless, it would be important to continue the search for an authentic protein kinase that 

phosphorylates DLC on Ser88, because this phosphorylation profoundly affects the 

quaternary structure of DLC, hence its binding to partner proteins. We have found that the 

phosphorylation-mimicking DLC S88E mutant strongly shifted the dimer-monomer 

equilibrium toward the monomeric form. This transition can be turned back by a strong-

binding (dimeric) binding partner through the binding (depleting) of the few existing dimeric 

DLC molecules. Therefore, we conclude that DLC phosphorylation could in vivo regulate the 

partner selection of DLC.  
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