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     Statement of Purpose: The adsorbed plasma protein 
layer on implant surfaces mediates the subsequent 
thrombogenic response, and the failure to understand the 
mechanisms underlying these protein-surface interactions 
has limited the development of non-thrombogenic 
biomaterials. Recent studies suggest that the conformation 
of the adsorbed protein layer may be critical in 
determining the thrombogenicity of the surface. 1, 2 
     Methods: Self-assembled monolayers (SAMs) of 
alkanethiols were used as model surfaces to delineate the 
effect of varying surface functionality on the adsorbed 
state of proteins.3 The secondary structure of human 
fibrinogen (Fg) and albumin (Alb), in both native and 
adsorbed states, was investigated via circular dichroism 
(CD) spectropolarimetry using a modified quartz cuvette 
that enhanced the sensitivity of the measurements 
compared to our previous study.1 Protein adsorption was 
carried out at two bulk concentrations (0.1 mg/mL and 1.0 
mg/mL), allowing the independent variation of the 
amount of protein adsorbed and degree of adsorption-
induced conformational changes in the protein structure.  
     Gold-coated quartz slides were incubated in 1.0 mM 
alkanethiol solutions (Asemblon, Inc., Redmond, WA) to 
prepare SAM surfaces with varying terminal 
functionalities. Human Fg (FIB3, Enzyme Res. Lab., 
South Bend, IN) and human serum Alb (Sigma-Aldrich, 
St. Louis, MO) were used for all experiments. The CD 
spectra of the native and adsorbed protein were obtained 
using a J-810 spectropolarimeter (Jasco Inc., Easton, 
MD), converted to molar ellipticity, and deconvoluted 
using the CDPro software package.4   Platelets were 
separated from human blood, resuspended in buffer, and 
then added to the SAM surfaces preadsorbed with 
proteins. Platelet adhesion was quantified using a lactate 
dehydrogenase (LDH) assay, while their morphology was 
visualized using scanning electron microscopy. 
     Results: As seen in Fig. 1, the α-helix values for both 
proteins decreased with increasing hydrophobicity of the 
surfaces, which was accompanied by a concomitant 
increase in β-sheet. This effect is more pronounced at the 
lower solution concentration, since the adsorbing proteins 
have more time to refold and spread on the surfaces, 
which also resulted in a lower amount of protein being 
adsorbed. The structure of proteins adsorbed on 
hydrophilic surfaces are close their native structure due to 
the minimal perturbance to their thermodynamic stability. 
   Platelet adhesion results (Fig. 2) show an increasing 
trend with increasing hydrophobicity. Surfaces adsorbed 
with Fg expectedly exhibited a higher number of adherent 
platelets compared to those adsorbed with Alb, but with 
platelets clearly adhering to surfaces coated by both 
proteins. Adhesion levels are considerably reduced on 
hydrophilic SAM surfaces, with the conformation of the 
protein layer being close to the native solution structure. 
 Conclusions: Consistent with our previous study,1 Alb 
and Fg conformational changes and platelet adhesion both 

 
Figure 1.  Secondary structure of human fibrinogen 
(Fg, top) and albumin (Alb, bottom) adsorbed at 0.1 
mg/mL (A) and 1.0 mg/mL (B) on SAM surfaces, 
determined by CD. (n=6, mean ± 95% CI). (NS 
denotes not significant, all other values are 
significantly different from one another; p<0.05). 

Figure 2. Platelet adhesion per mm2 on SAM 
surfaces preadsorbed with 0.1 mg/mL protein (A) and 
1.0 mg/mL protein (B). (n=6, mean ± 95% CI). 

increased with surface hydrophobicity, thus indicating 
that platelet adhesion is directly related to the degree of 
adsorption-induced structural change in the adsorbed 
proteins. This is further supported by the increase in 
platelet adhesion when proteins were adsorbed at lower 
solution concentration. This resulted in a lower amount 
of protein adsorbed but with increased conformational 
change, thus indicating that platelet adhesion is more 
strongly correlated with adsorbed protein conformation 
than the amount of protein adsorbed. We hypothesize 
that adsorption processes expose hydrophobic motifs 
within the core of the protein that are ‘hidden’ in native 
protein conformation, stimulating platelet adhesion.  
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