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Statement of Purpose:  The development and application 
of protein resistant films is of interest for many 
biomedical applications and devices.  In particular the 
protein resistant nature of poly(ethylene glycol) (PEG) 
based films and coatings is well reported although the 
mechanism remains an area of ongoing debate. The 
production of films with a surface chemistry gradient 
enables a high-throughput approach to be employed in the 
characterisation of the properties of these films.  Such an 
approach is particularly useful in determining the film 
chemistries and characteristics required for optimum 
interactions with biomolecules and cells.  Here we 
demonstrate the production and protein-resistant 
properties of PEG-like films with a systematically varying 
ether gradient (Fig. 1) produced via the plasma 
polymerisation of diethylene glycol dimethyl ether (DG).  
 

 
Figure 1: DGpp gradient film deposited on a silicon 
substrate.  The centre of the gradient is indicated by 
“0”.Film thickness and surface chemistry were monitored 
at points along the gradient as indicated by the arrows. 
The variation in colour corresponds to a variation in film 
thickness. 
Methods: Silicon wafers were used as substrate materials. 
Diethylene glycol dimethyl ether plasma polymer (DGpp) 
coatings were deposited using a range of load powers (5-
30W). Surface coatings were characterized using X-ray 
photoelectron spectroscopy (XPS); Near Edge X-ray 
Absorption Fine Structure (NEXAFS); Atomic Force 
Microscopy (AFM) and Synchrotron FTIR. Protein 
adsorption experiments were carried out by exposing 
surfaces to varying concentrations of a range of proteins 
(eg. Bovine Serum Albumin) followed by surface analysis 
using XPS and QCM-D. Cell attachment assays were 
carried out by seeding HeLa cells onto each test substrate 
at a concentration of 2x105 cells/well (24-well format) 
followed by incubation over 24 h in DMEM/Hams 
F12/10% FCS culture medium. Visualisation of cell 
presence and morphology on the DGpp coatings was 
achieved by exposing cells to CellTracker™ Orange 
(CTO, Molecular Probes, Invitrogen) for the final hour of 
incubation and scanned using a phosphor imager or 
viewed under fluorescence microscopy.  
Results: XPS analysis of the freshly-deposited DGpp 
films prior to protein adsorption or cell seeding showed 
substantial variations in surface chemistry along the 
gradient (Fig. 2). Concurrent variations in film thickness 
were also observed (Fig. 1).   

 
Figure 2: High resolution C1s spectrum of a 5W DGpp 
film recorded at 1mm intervals along the gradient 
showing the ether content to be highest in the centre of 
the gradient and systematically decreasing away from the 
central region.  
 
A protein adsorption study using BSA (1mg/mL) showed 
a strong correlation between regions of higher ether 
content and lower levels of protein adsorption (not 
shown). This correlated well with cell attachment studies 
that showed increasing HeLa cell attachment as the 
detected ether content at the surface was reduced (Figure 
3). Furthermore, gradient films deposited at lower powers 
adsorbed lower levels of BSA than at higher powers, with 
no protein being detected via XPS on the 5W gradient 
film (protein detection limit of ~ 10ng/cm2). NEXAFS 
analysis of the films also found a correlation between 
residual aldehyde groups within the films (not shown) and 
higher protein adsorption. A high resolution synchrotron 
FTIR chemical mapping study of the films was also 
performed to characterise the bulk gradient film 
chemistries which confirmed changes in functional group 
chemistry.  

 
Figure 3:  HeLa cell attachment to a 5W? DGpp gradient 
film. Ether content of the film decreased from left to right. 
 
Conclusions: Gradient plasma polymer films are a useful 
tool capable of generating a high-throughput methodology 
for determining biological response to chemical, physical 
gradients and ultimately biological gradients.  
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