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Report: 

The aim of the project is to study at nanostructural level the interaction between the biomarker, soluble Vascular-

Endothelial cadherin (sVE), and biologically relevant lipid bilayer membranes using X-ray scattering 

techniques, and particurlarly to identify how different lipids can affect this interaction to build a potential 

biosensor, in which this interaction is enhaced, that is aimed for early detection of scarce biomarkers in blood 

samples. These fundamental results will better elucidate the mechanism of interaction between protein and lipids 

and will set the basis for the development of biosensors aimed to optimise the sensitivity and reliability of 

biosensing techniques for biomarkers of tumours. 

In this context it is important to understand the effect of glycosylation since the majority of biomarkers of 

tumours are glycosylated. As reported in a previous related study [1], the glycosylated state of proteins leads to 

easy formation of protein/lipid complexes with either HDL or LDL particles. To discriminate the effect of 

glycosylation we tested two different proteins, soluble Vascular-Endothelial cadherin (sVE) and Bovine Serum 

Albumin (BSA), with supported lipid bilayers (SLBs) of different lipid compositions. sVE is the glycosylated 

extracellular domain of the Vascular-Endothelial cadherin and is cleaved from endothelial cells following 

inflammation or infection, leading to loss of the endothelium’s barrier function [2,3,4], whereas BSA is a non-

glycosylated protein belonging to the serum albumins family.  

The experiment at ID10 was successfully performed. To study protein/lipid bilayer interactions, we performed 

X–ray scattering measurements (XRR and GID) on three different lipid bilayers with and without the presence 

of proteins to obtain information on structural changes, such as thickness, roughness and hydration as a function 

of lipid mixtures, and the amount and average localisation of proteins. In particular, results on three different 

lipid compositions of SLBs (pure POPC, POPC/DOTAP 70:30 and POPC/SM/CHOL 60:30:10) with two 

different proteins (sVE and BSA) were obtained.  



 

For each system we acquired various scans in different positions of the empty silicon substrate, the bilayer and 

the bilayer after the injection of the protein. The kinetic of absorption/insertion of proteins was also studied. 

Examples of reduced and normalised reflectivity curves are reported in Figure 1. 

 

Figure 1. (a) Reflectivity curve for the pure POPC bilayer (light blue line) and with the presence of sVE (purple 

line) or BSA (yellow line) in PBS. (b) Reflectivity curve for the POPC/DOTAP 70:30 bilayer (light blue line) 

and with the presence of sVE (purple line) or BSA (yellow line) in PBS. (c) Reflectivity curve for the 

POPC/SM/CHOL 60:30:10 bilayer (light blue line) and with the presence of sVE (purple line) or BSA (yellow 

line) in PBS. 

The results show different effects on protein interaction with different lipids in the membrane model. A similar 

interaction behaviour is observed for sVE and BSA with the pure POPC bilayer. A greater interaction for both 

proteins is highlighted with the SLB of composition POPC/DOTAP 70:30. The presence of the cationic lipid in 

the mixture favoures the interaction with proteins which are negatively charged at physiological pH of the 

working buffer. In addition, a bilayer with composition POPC/SM/CHOL 50:25:25 was tested in the presence 

of BSA. GID scans of this last cited system show interesting results demostrating the presence of different lateral 

distribution depending on the position.  

Data analysis is in progress and is performed using both the Motofit plug-in for Igor Pro and the software Refnx 

to check the consistency of results between programs. The sample systems are being modelled as a series of 

homogeneous slabs, each slab will be described by the four parameters thickness, SLD, roughness and solvent 

percentage or hydration in the layer. In particular, for the fit of the bilayer a 4 slabs model have been used, 

whereas various slabs models for the bilayers in presence of proteins have been tested. The different models 

tested for protein/lipid bilayer interaction take into account the possibility of a protein adsorbed layer onto the 

SLB, a partial penetration of proteins into the outer headgroup layer and also a full penetration of proteins in the 

SLB with also an additional layer of proteins on top.   

So far, an in-depth analysis of the data has been performed for POPC and POPC/DOTAP SLBs in presence of 

BSA. The model that seems to describe this data most appropriately is the one considering not only the 

adsorption of the protein on the bilayer, but a partial incorporation of the protein in the outer head region of the 

bilayer for which we report the example below (Figure 2). For this model we have tested two different variants, 

one considering symmetric tails (model 1) and one considering asymmetric tails (model 2) 



 

 

Figure 2. Examples of fitting results for different models. 

Complementary measurements 

Complementary measurements with sVE on the last lipid composition tested (POPC/SM/CHOL 50:25:25) are 

still necessary.   

To further discriminate the effect of glycosylation on the interaction, we are willing to perform new synchrotron 

XRR experiments using different glycosylated proteins, such as alpha-fetoprotein (biomarker for liver cancer) 

and glycosylated BSA. The interaction with SLBs will be characterised using the same parameters and lipid 

compositions tested for the previous proteins. The results with the four different proteins will be compared and 

elucidation on the effect of glycosylation and impact of different lipids will be highlighted.   
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