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Statement of Purpose: Interest in surface initiated 
polymerization (SIP) to generate coatings for biomedical 
applications has increased rapidly in the last few years. 
Particularly coatings generated using “living” controlled 
free radical polymerization have attracted attention since 
they result in coatings with well defined properties and 
architectures. Here we demonstrate that such advanced 
coatings can be used for the effective control of cell-
surface interactions by displaying covalently immobilized 
biologically active factors on a background that otherwise 
exhibits low non-specific interactions with biomolecules 
and cells. 
Methods: Silicon wafers and polystyrene (TCPS, Nunc) 
were used as substrate materials. Allylamine plasma 
polymer (ALAPP) coatings displaying amine functional 
groups were deposited on these materials followed by the 
covalent immobilization of a poly(acrylic acid-co-diethyl-
dithiocarbamic acid 4-vinyl-benzyl ester) (PI) copolymer 
displaying carboxylic acid and initiating groups using a 
water soluble carbodiimide. Subsequent surface initiated 
graft polymerization experiments were carried out using 
N-acryloxysuccinimide (AACNHS) and acrylamide 
(AAM) monomers. UV polymerisation of homopolymers 
as well as copolymers representing various molar ratios of 
the two monomers was carried out under nitrogen in a 
custom-designed stainless steel/quartz glass cell. 
Subsequent reactions of copolymer coatings were carried 
out in aqueous buffer solutions using 2,2,2-trifluoro 
ethylamine (TFA) as well as the pentapeptides GRGDS 
and GRGES. All surface modification steps were 
characterized using X-ray photoelectron spectroscopy 
(XPS). Cell culture experiments were carried out using 
HeLa cells. Cell attachment assays were carried out by 
seeding HeLa cells into each test well at a concentration 
of 2x105 cells/well (24-well format) followed by 
incubation over 24 h in DMEM/Hams F12/10% FCS 
culture medium. After 20 h incubation five of the 
replicates per sample were treated with MTT and 
incubated for a further 4 h to obtain a quantitative value 
relative to the number of cells detected in the TCPS 
control wells. Labelling of attached cells was carried out 
with CellTracker™ Green (Invitrogen) for the final hour 
of incubation, followed by fixation in 4% formol-saline 
before viewing by fluorescence microscopy. 
Results: XPS analysis was used to verify the successful 
deposition of the ALAPP coating, the subsequent 
immobilization of the PI macro-initiator and the graft 
polymerization of AAM and AACNHS homo- and 
copolymers. In all cases the dehydrated graft polymer 
coating thickness was greater than 10 nm. The reactivity 
of the NHS ester moiety displayed on the homo and 
copolymers under different reaction conditions was 
investigated using the XPS label TFA and yields of >50% 

were established in all cases. The immobilization of 
pentapeptides followed these conditions. 
Cell culture experiments using different AACNHS/AAM 
copolymer ratios established that only copolymers with 
less than 10 mol% AACNHS resulted in a low cell 
attachment background after hydrolysis of the NHS ester. 
Figure 1 shows HeLa cell attachment after 24 h on 
ALAPP (A), ALAPP-PI (B), 5 mol% AACNHS (C) and 
10 mol% AACNHS (D) copolymer surfaces. In addition 
Figure 1 shows that only the covalent binding of the 
bioactive peptide GRGDS (E) resulted in enhanced cell 
attachment while attachment remained low after covalent 
immobilization of the inactive GRGES sequence (F).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Representative images of HeLa cell attachment 
after 24 hours culture on ALAPP (A), ALAPP-PI (B), 
ALAPP-PI-(95 mol% AAM/5 mol% AACNHS) after 
hydrolysis (C), ALAPP-PI-(90 mol% AAM/10 mol% 
AACNHS) after hydrolysis (D) and on ALAPP-PI-(95 
mol% AAM/5 mol% AACNHS) after covalent 
immobilization of GRGDS (E) and GRGES (F).  
 
Conclusions: The surface modification method described 
here based on “living” controlled free radical 
polymerization from surface immobilized macro-initiators 
provides excellent control over the architecture of 
polymeric coatings. We have demonstrated that the 
technique can be used for the control of cell-surface 
interactions via the display of covalently immobilized 
biologically active signals on a background providing low 
non-specific interactions. It is expected that this general 
surface modification technique will find applications in 
biomaterials and other related disciplines.  
References: [1] Meagher L., Thissen H., Pasic P., Evans 
R.A., and Johnson G., WO2008019450-A1. 

A B 

D C 

E F 


