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Background 
The major interest in the laboratory is how membrane proteins interact with different factors to 
programme cell and organ development in human health and disease. Our current model system 
is the human endothelial cell that lines the inside of all blood vessels and regulates angiogenesis 
i.e. the sprouting of new blood vessels from pre-existing blood vessels. Understanding this 
process is critical in treating diseases such as atherosclerosis and cancer. Importantly, many 
diabetic patients suffer from atherosclerosis and eye diseases due to dysregulation of endothelial 
cell function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Steps in membrane traffic to and from the Golgi apparatus, plasma membrane and endosome-lysosome 
system are under study using different model systems with a particular emphasis on human endothelial cells. 
 
Structure of membrane proteins 
Receptors on the surface of human endothelial cells bind a variety of substances including 
nutrients, lipoproteins and growth factors. Depending on the substance that is bound, a series of 
intracellular processes are triggered including sorting of receptor-ligand complexes, activation of 
signalling pathways, internalisation of receptor-ligand complexes, processing, sorting and 
receptor recycling. The goal of the laboratory is to study how such biochemical reactions can be 
linked to membrane remodelling in the endothelial cell in terms of blood vessel formation. 
Protein domains of such receptors expressed as single modules or linked to each other in 
bacterial and eukaryote systems will be tested using the excellent crystallisation facilities and 
technical support within the Astbury Centre. Large protein assemblies purified from mammalian 

cis   medial  trans  TGN 
Regulated  
secretory  
vesicle

AP-based 
 
vesicles (?)

Constitutive transport (Basolateral)

Endosome
Lysosome 

Actin, Cdc42, 
  
Copper-regulated 

Exocyst, PKD1, MicrotubuleApparatus 

AP-based 
 
vesicles  

Golgi 
Constitutive transport (Apical) 

Kinesin, Dynamin-2 



60 

cells and tissues can be subjected to electron microscopy analyses, sophisticated and 
computerised image reconstruction to obtain a 3-D image. The information obtained from such 
studies will help us to better test our hypotheses for blood vessel development using site-directed 
mutagenesis and expression in human endothelial cells. 
 
Analysis of conformational changes in membrane proteins  
Detecting and understanding conformational changes in endothelial membrane receptors is an 
important at many levels including potential clinical assays for human disease situations. 
Increasingly, conformational changes in membrane proteins can be detected using sophisticated 
biophysical techniques such as NMR and fluorescence spectroscopy. NMR is a powerful and 
sensitive tool for detecting conformational changes of protein domains in solution. This is 
especially important where many membrane proteins are difficult to crystallise and solution-
based interactions are critical in programming such interactions. The Astbury Centre has a state-
of-art NMR facility including 500 MHz and 600 MHz NMR machines and provide excellent 
opportunities for such studies. The recently upgraded state-of-art spectroscopic and spectrometry 
facilities include Q-ToF, SELDI/MALDI/Protein Chip Reader, FT-IR, circular dichroism and 
fluorescence machines is also available for the study of macromolecular assemblies. In addition, 
atomic force microscope (AFM) systems are also being developed for detection of single 
molecule events in biological systems. 
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