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Introduction: Surface modification of biomaterials to 
improve their blood-compatibility has used two main 
approaches.1 The first involves the immobilization of 
molecules such as polyethylene glycol (PEG) to reduce 
non-specific protein adsorption and provide a surface that 
is passive towards further interactions (non-fouling).2 The 
second involves the immobilization of bioactive 
molecules to promote the adsorption of specific proteins.3
In this study, a novel approach is used to create protein 
resistant/bioactive surfaces. It is hypothesized that the 
dual effects of (a) PEG and albumin may provide a super 
passive surface, (b) PEG and hirudin may provide a non-
fouling, thrombin-neutralizing surface. Two surface 
modification methods were used: (1) PEG was first 
conjugated to the protein and the conjugate then grafted to 
the surface, (2) PEG was first grafted to the surface and 
then conjugated to the protein  
Methods: Gold coated silicon wafers were used as a 
model substrate. For method (1) i.e. conjugation first, 
PEG-NHS ester disulfide (MW=1100) was reacted with 
HSA using different ratios of PEG:HSA. For hirudin only 
one ratio (7:1) was used. The conjugates were then 
immobilized on gold by chemisorption through the SH 
group. For method (2) chemisorption of PEG on gold was 
carried out using PEG-NHS ester disulfide. This was 
followed by albumin or hirudin conjugation. Surfaces 
were characterized by water contact angle. Mass 
spectrometry and polyacrylamide gel electrophoresis 
(SDS-PAGE) were used to characterize the PEG-protein 
conjugates. To evaluate the non-fouling properties of the 
modified surfaces, fibrinogen adsorption from plasma was 
investigated using 125I-labeled protein. 
Results and discussion: Mass spectrometry (Table 1) and 
SDS-PAGE (not shown) showed an appropriate increase 
in the molecular weight of albumin and hirudin after 
conjugation to PEG. For albumin, the molecular weights 
indicated that multiple PEG conjugation occurred in 
proportion to the PEG:protein ratio used. 

Figure 1 shows water contact angle data. The 
decrease in angle after treatment with PEG confirms PEG 
attachment. As expected, the angles were greater on the 
protein-PEG surfaces than on the PEG-alone surfaces. 
The angles were similar for the PEG-protein surfaces 
whether formed by method (1) or method (2), suggesting 
that similar compositions were achieved in both cases. 

As shown in Fig 2, all of the modified surfaces were 
significantly protein resistant; the PEG-modified surface 
was the most resistant. Attachment of proteins (either 
albumin or hirudin) to PEG generally caused a decrease in 
resistance. For albumin, surfaces where the preformed 
conjugate was attached (method (1)) were less resistant 
than those where the protein was attached to the 
previously immobilized PEG (method (2)).   This may 
indicate that for method (2), not all of the immobilized 
PEG was conjugated to protein. For hirudin, the surfaces 

showed similar resistance independent of the method of 
immobilization.  
Conclusions: PEG-protein modified surfaces were found 
to be somewhat less protein resistant than the 
corresponding PEG-alone modified surfaces although the 
wettabilities were similar. Work is continuing to 
determine the effects of PEG co-immobilization on the 
antithrombotic activity of hirudin-PEG-modified surfaces. 
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Table 1: MWs of PEG-Protein Conjugates.   
PEG-Protein 
Conjugate 

Expected 
MW(kDa) 

Experimental
MW(kDa) 

PEG-NHS-HSA: 
       PEG:HSA ratio 
                  3:1 
                  6:1 
                  9:1 
                 12:1 

69.3 
72.6 
75.9 
79.2 

69.0 
71.6 
75.6 
78.0 

PEG-NHS-Hirudin:  
       PEG:Hir ratio  
                 7:1 8.1 9.0 
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Figure 1: Water contact angles. Data are mean±SD (n>9). 
PEG-NHS-HSA and PEG-NHS-Hir are surfaces made 
using method 2. 
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Figure 2: Fibrinogen adsorption from plasma (3h). Data 
are mean±SD (n=3). 


