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Abstract 

Collagen type IV (Col IV) is a network forming collagen that is the major component of the 

basement membrane underlying endothelial and epithelial cells. Discoidin Domain Receptor 1 

(DDR1) is a receptor tyrosine kinase present on these cells that binds to and gets activated by 

Col IV (Agarwal et al. 2019). In this study, we investigated how DDR1 impacts the Col IV 

α1α1α2 network both in-vivo and in-vitro. Analysis of cerebral artery cross sections in electron 

microscopy images revealed that mice lacking DDR1 had reduced basement membrane 

thickness, as compared to their wild-type littermates. In-vitro binding of recombinant DDR1 

ectodomain (DDR1-Fc) to purified Col IV was verified using solid-state binding assay and single 

molecule Atomic Force Microscopy (AFM). AFM images of DDR1-Fc binding to Col IV also 

revealed that DDR1 modulates its network formation. This insight reveals a new functional role 

of DDR1 in regulating basement membranes.  
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Introduction  

Collagen type IV (Col IV) is a network forming collagen that is the major component of the 

basement membrane underlying endothelial and epithelial cells. Unlike Col II and III, Col IV is a 

heterotrimer formed from 6 different α chains, which share little homology to other collagen 

types (Xu et al 2011). Discoidin Domain Receptor 1 (DDR1) is a receptor tyrosine kinase present 

on these cells that binds to and gets activated by Col IV (Agarwal et al 2019). Although DDR1 is 

known to inhibit the fibrillogenesis of collagen type I (Agarwal et al. 2007), very little is known 

about the interaction of DDR1 with Col IV. Oliver et al. 2004 found that DDR1 knockout mice 

had localized thickening of the glomerular basement membrane (GBM). The GBM is secreted by 

epithelial cells and consists of α3α4α5 trimers. This is different from the Col IV α1α1α2 trimers 

found in the basement membrane generated by endothelial cells. In this study, we aimed to 

determine the effect of DDR1 binding on Col IV α1α1α2 network formation.  

 

Methods 

Solid Phase Binding Assay 

The binding assay was conducted using purified Col I (from BioMatrix) and Col IV α1α1α2 

(from Nippi) with purified DDR1 and DDR2 Fc tagged ectodomain. All washing below is done 3 

times in PBS + .05% tween 20 with aspirations of the liquid in the middle. The solutions of BSA, 

primary and secondary antibody are also made in PBS + .05% tween. First, 25 μg/ml Collagen 

was plated in two rows of a 96 well plate for 2hrs in the fridge. Next, the wells were washed and 

blocked with 1% BSA for two hrs at room temperature. Next, after washing, 5 μg/ml DDR2 and 

5 or 10 μg/ml DDR1 was added to the wells for 2hr overnight in the fridge. The next day, the 

samples were washed and primary antibody goat anti Fc (from Jackson Immuno Reserach) was 



 

 

 

 

used at 1:3000 for 2hrs under parafilm at room temperature. Next, after washing, the secondary 

antibody bovine anti goat conjugated to HRP (from Santa Cruz Biotechnology) was added 

1:5000 for 2hrs under parafilm at room temperature. Finally, after washing, 100 uL TMB was 

added for 20 mins under aluminum foil and 1 M HCL was added before the absorbances were 

read. The control wells did not include DDR and wells had a combination of primary and 

secondary antibody. This procedure is similar to that followed by Yeung et al. 2013. 

 

Atomic Force Microscopy 

Col IV was obtained from a collaborator in Japan. 1 to 5 μg/ml col IV in Japan was incubated 

with DDR1-Fc (0.5 to 2 μg/ml) in phosphate buffer saline for 2hrs at 4oC. Thereafter the samples 

were dispersed on freshly cleaved mica, incubated for 10 minutes, washed with doubly distilled 

water and air dried. The AFM samples were imaged using a Multimode AFM with a Nanoscope 

3a controller using NSC15 cantilevers in Tapping mode as described in previous studies (Yeung 

et al, 2013). AFM height images were used to measure the thickness of the collagen network 

formed on the mica surface. 

 

Characterization of basement membranes in DDR1 knockout mice  

The basement membrane in cerebral arteries of brain tissue extracted from 6 month old DDR1 

knock-out (KO) mice and their wild-type (WT) littermates was analyzed using transmission 

electron microscopy (TEM). These mice have been described in our earlier study (Tonniges et al, 

2016). NIH Image J was used to measure basement membrane thickness. At least n=10 arteries 

were analyzed for each genotype. 

 



 

 

 

 

Results 

Col IV morphology 

Purified Col IV imaged mainly as thin monomers of length 274.40 ± 116.16nm (n=69 Fig 1A). 

The collagenous domain was flanked by two circular globular domains, which was identified as 

the 7S and NC1 domains (Chen et Hansma 2000). The 7S domain had a height between 1.5 and 

2.5 nm (n=61) while the NC1 domain was 3 to 4 nm (n=51). 

 

 

 

 

Figure 1: A Col IV α1α1α2 monomers. The monomer consists of the heterotrimeric collagenous 

domain and the globular 7S (red circle) and NC1 domains (black circle).  

 

Solid State Binding assay 



 

 

 

 

Purified Col IV and Col I showed binding signals with DDR1 ectodomain (Figure 2). However, 

as expected Col IV did not bind to DDR2 as Col I does.  

 

 

Figure 2 A: Test signals displayed graphically show that both Col IV α1α1α2 and Col I bind to 

DDR1. All corresponding controls produced only background signals. B: sample single molecule 

AFM image of Col IV and DDR1 in vitro show binding (black-arrow).   

 

DDR1 modulates Col IV network formation  

Pure Col IV was incubated with and without DDR1-Fc to examine the difference in fibril 

morphology. Figure 3 shows that DDR1-Fc binding enhances Col IV network formation by 

forming denser structures.   



 

 

 

 

 

 

Figure 3A Col IV with and without DDR1-Fc as indicated. Monomers can be seen longitudinally 

associating to form thicker structures. The monomers are also more connected together. B The 

Col IV network coats the mica in both, but a thicker coverage is seen in samples with DDR1-Fc 

 

DDR1 Knockout Mice had reduced thickness to basement membranes  

Figure 4 shows the TEM images of cerebral artery cross-section and analysis of basement 

membrane n=6 month old DDR1 KO and WT mice. A statistically significant reduction in the 



 

 

 

 

thickness of basement membranes was observed in DDR1 KO mice as compared to their WT 

littermates.  

 

Fig 4A shows one sample image of cerebral capillary BM thickness where the difference can be 

clearly seen between the WT and KO mice. Fig 4B shows the full analysis and a 2 sample T test 

was used to find the P value.  

 

Discussion 

Borza et al. 2016 reported that DDR1 activation induced the synthesis of Col IV (α1) in a 

kidney injury model. Our results suggest that DDR1 may also regulate the network formation of 

Col IV α1α1α2. The ability to disrupt the basement membrane for cell migration is important for 

several diseases. Thus, we theorize that DDR1 expression may be especially important in 

diseases with vascular components.  



 

 

 

 

Learning Targets Completed 

1. Characterizing the collagenous and non collagenous domains of Col IV α1α1α2 

monomers. 

2. Determining the impact DDR1 binding has on Col IV network formation in-Vitro and in-

Vivo 
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