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Discoidin Domain Receptors (DDR1 and DDR2) are widely expressed receptor tyrosine kinases (RTK) 

that regulate cell differentiation, proliferation and migration and remodeling of the extracellular matrix 

[1]. Collagen(s) are the only known ligand for DDRs [2]. Both the collagen binding domains of the 

receptors (Figure 1) as well as their binding site on the collagen triple helix have been elucidated in 

recent years [3]. However, the role of receptor oligomerization in DDR-collagen interaction is not 

completely understood. This is especially important as receptor oligomerization can modulate receptor-

ligand binding as well as receptor phosphorylation and activation and downstream-signaling events. 

 

Previous studies by us [4] and others [5] have shown that (i) dimerization of DDR1 is crucial for its 

binding to collagen, (ii) DDR1 exists as a dimer on the cell surface, and (iii) DDR1 undergoes further 

oligomerization upon collagen binding. Further, we recently elucidated how the oligomerization of 

DDR1 is mediated by its extra-cellular domain (ECD) [6]. In this study we examined the role of DDR2 

ECD oligomerization in its binding to monomeric triple-helical collagen type 1. 

 

Recombinant proteins expressing DDR2 ECD as a monomer (DDR2-V5-His) or Fc-tagged dimers 

(DDR2-Fc) were expressed and purified from mammalian cells. Antibody (anti-Fc) induced oligomers 

of DDR2-Fc were also used.  Solid phase binding assays showed that binding of recombinant DDR2-

ECD to immobilized collagen type 1 increased with its oligomeric state. For instance, oligomers of 

recombinant DDR2-Fc bound more strongly to collagen compared to dimeric DDR1-Fc or DDR2-V5 

alone. As another manifestation of binding, oligomeric DDR2 inhibited fibrillogenesis of collagen more 

strongly than dimeric or monomeric forms. To examine how the differences in the oligomeric state of 

DDR2 impacts its binding to collagen, we carried out single molecule atomic-force microscopy (AFM) 

experiments.  The size of DDR2-ECD particles bound to collagen was evaluated by measuring their 

topographic heights from section profiles. As a control, recombinant DDR2-ECD proteins were also 

imaged and analyzed before binding to collagen. Our AFM results revealed that DDR2 ECD did not 

undergo further oligomerization upon binding to collagen (Figure 2). This feature was consistently 

observed for monomeric, dimeric as well as oligomeric DDR2 ECD.  

Our results provide novel insights in the interaction of DDR1 vs. DDR2 with collagen. Both receptors 

demonstrate a higher affinity in binding to collagen when their ECD is in a higher oligomeric state. 

However, in sharp contrast to DDR1 ECD which underwent further oligomerization upon binding to 

collagen, DDR2 ECD did not. It remains to be examined if either the juxta- or intracellular domains of 

DDR2 mediate receptor oligomerization upon ligand binding. 
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Figure 1.  Structure of DDR1a and DDR2. DDRs contain a cytosolic, transmembrane, and extracellular 

domain (ECD) with a juxta-membrane region that is unusually long for RTKs. The recombinant DDRs 

used in our study contained only the ECD (red brackets).  

 

 

Figure 2.  AFM images of recombinant DDR2-Fc with and without incubation with monomeric 

collagen type 1 at 4°C for durations as indicated. The size of the DDR2-Fc proteins remains unchanged 

before and after binding to collagen. 
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