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Abstract  
Mammalian cells are highly dependent on their surroundings for their fate, function and survival. The 
microenvironment surrounding a cell provides a rich and instructive set of signals involving both 
biochemical and mechanical stimuli with both matrix- bound and soluble signals. The extracellular 
matrix (ECM) provides both a mechanical support and a range of surface bound stimulatory signals. 
The cell adhesion complexes to both the extracellular matrix and to other cells are important sensing, 
signalling and communicating structure within a cell. One important form, identified in vitro, is the focal 
adhesion (FA) complex that regulates the mechanical connection to the ECM. FAs consist of 
assemblies of integrin receptors, connecting multiprotein intracellular complexes and the actin 
cytoskeleton to the ECM. Focal adhesions (FAs) also contain a broad set of signalling molecules and  
believed to have a major role in most of the signalling and sensing interactions occurring between the 
ECM and the cell. When cells interact with synthetic or natural materials the complex mixture of proteins 
adsorbing at the surface create a microenvironment for the cell and modulate the cellular function at the 
material. 
 
Nanometer scale topographic and chemical structures can provide cues and organization signals 
imposing a pattern on the extracellular matrix molecules adsorbing to nanostructured materials. Here a 
route to define protein presenting nanostructured interfaces based on colloidal monolayer masks and 
traditional lithographic steps will be described. Dispersed monolayers resulting from sequential 
electrostatic binding to oppositely charged surfaces results in short range ordered arrays of particles 
and can be utilized to generate one nanostructure per particle. The generated patterns have no long 
range order and are homogeneous over large areas (10’s of cm2) and can be chemically functionalized 
to enable protein patterning [1]. These materials are used to pattern specific ECM and cell-cell adhesion 
molecules for use in understanding and steering development and signaling at adhesive complexes 
such as integrin based focal adhesions and cadherin based adherence junctions. Previous studies have 
used different ECM protein patterns (e.g. Fibronectin [2,3], Vitronectin [3], Osteopontin [4]) to study the 
development of focal adhesions and their connection to the cytoskeleton.  
 
Here colloidal lithography can be used to generate protein nanopatterns with feature sizes from 60nm-
3000nm over large areas (10-100cm2). Figure 1 shows SEM images of structured silicon wafers with 
chemistry based on Au/SiO2. For smaller sizes. Surface chemical functionalization using alkanethiols to 
give the gold domains on the surface a hydrophobic chemistry and PLL-g-PEG to give the silica 
background regions a protein rejecting character (in our hands PLL-g-PEG reduces protein binding by 
>97%). Neutravidin or streptavidin was immobilized into the hydrophobic domains and used to 
immobilise biotinylated Protein A into nanopatterns. Site specific coupling via protein A allowed 
immobilisation of Fc tagged E-cadherin and I-CAM1 ectodomains. The role of ligand patch size on 
adhesion and actin skeleton development has been investigated in MDCK cells and activated THP-1 
monocytes respectively. Cellular E-Cadherin (fluorescently labelled) shows nanoscale organisation 
above the protein nanopatches with a control of adhesion complex steered from the surface. A 
threshold behaviour of cell adhesion is seen where cells only adhere to patch sizes of 200nm and above 
and shows a size dependent cell spreading and actin organisation. This suggests a lower number of E-
Cadherins for the formation of mechanically stable adhesions of >17 molecules [5]. Nanopatterns of I-
CAM have been prepared in microfluidic channels and relevant for the study of the adhesion of 
activated monocytes mimicking the recruitment process at wound sites invivo. 
 
Patterns of proteins can provide be made by colloidal lithographic patterning and subsequent chemical 
functionlisation from a broad range of proteins. These protein nanopatterns can contain functional and 
oriented protein layers mimicking the presentation at ECM or cell surfaces. The size of the patch of 
adhesive ligands shows size dependent influence on the adhesion of cells, the development of 
adhesion complexes (both focal adhesions and adherens junctions) and their connection to the cellular 
cytoskeleton. Colloidal lithography represents an interesting route to generate materials giving an 



external control of cell adhesion complex formation and development as well as tools to study cellular 
process.. 
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